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LEVER OP TRANSMITTAL. 

Unirep States DEPARTMENT OF AGRICULTURE, 

Bureau or CHEMISTRY, 
Washington, D. C., April 11, 1908. 

Sir: [ have the honor to submit for your approval the results of 

certain investigations made by the Chief of the Miscellaneous 
Laboratory of this Bureau in regard to the injury to vegetation 
and animal life observed in the vicinity of certain smelters, par- 
ticularly one located at Anaconda, Mont. This report covers one 
of a series of such investigations dealing with the injury caused 
by smelter wastes, which have been conducted in this Bureau from 
time to time during the past six years, with a view to cooperating 

with the Bureau of Forestry in the preservation of the forests and 

protecting the farming interests. I recommend that this report be 
published as Bulletin 113 of the Bureau of Chemistry. 

Respectfully, 

OW. “Wan. 
: Chief of Bureau. 

Hon. James Wi1son, 

Secretary of Agriculture. 
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INJURY TO VEGETATION AND ANIMAL LIFE BY 
SMELTER WASTES. 

INTRODUCTION. 

PROCESS OF EXTRACTING METALS FROM ORES. 

Before considering the injurious effects which wastes from plants 
smelting sulphid copper ores may have on vegetation and animal life, 

a brief account will be given of the process generally used to extract 
_ the metal from the ores. For this purpose an outline of the process 
followed at Anaconda, Mont., will be given, which, though differing 

in some details from the process used at other plants, is based on the 
same general principles and produces similar waste products. 
The ores when they arrive at the plant are graded as first and second 

class, the former being sent to the bins of the blast furnaces and 
the latter to the concentrator bins. The second-class ores are next 
sampled, crushed, and passed over jigs, by which process a product 
richer in copper, known as the * concentrates,” is obtained. 

The reject from the jigs is crushed again and passed over jigs fitted 
with finer screens, * concentrates ” being again obtained. After ex- 
tracting all that can be taken out by the jigs, the ore is again crushed 
and passed over the Wilfley tables, thus giving rise to the * table con- 
centrates.” The concentrates are sent to a bin at the foot of the 
concentrator. There remain in the water used for concentration some 
fine particles of valuable material, and this is allowed to flow into 

ponds outside the plant, where the fine particles settle out in the form 
of “slimes” and the water is finally drawn off. The slimes are 
briquetted and blast-smelted. The waste products from the con- 
centration are known as “ tailings.” These tailings, consisting princi- 

pally of silica, iron, etc., with small quantities of copper and arsenic, 
in case the latter is present, are discharged on the dump heap. 

The concentrates are dumped into roasting furnaces, where large 
quantities of sulphur and arsenic are driven off, the former as 
sulphur dioxid and trioxid and the latter in volatile form. The 
residue, now known as “calcine,” is transferred to reverberatory 
furnaces. This process yields (1) a slag consisting principally of 

silicates of iron and calcium with very small quantities of copper: 
(2) a product richer in copper known as “ matte;” and (3) volatile 

ov 



6 INJURY BY SMELTER. WASTES. 

arsenic and sulphur products which are carried to the flue. The slag 
is granulated in water and passed to the dump. The “matte” is 
carried to the converters, where it is treated in the same way as 
“matte ~ from the blast furnaces. 

The blast furnace receives a charge consisting essentially of the 
high-grade ores, converter slag, briquettes of siliceous fines and 

slimes from the concentrator, limestone, and coke. A large part of 
the sulphur passes off to the flue as sulphur dioxid and trioxid, 

and large amounts of arsenic are volatilized. The iron and silica 
in the ore, together with the lime, form a slag (containing a very 
small amount of copper) which is granulated in water and carried 
to the dump; the copper forms a “ matte” consisting principally 
of a combination of copper, iron, and sulphur. This, together with 
the “ matte” from the reverberatory furnaces, 1s next carried to the 
converters, the lining of which is a siliceous material that lasts for 

several runs. 

In the converter the sulphur which is present in the * matte” is 

oxidized to sulphur dioxid and trioxid and escapes up the flue, the 
remaining arsenic is volatilized and also goes up the flue, while the 
iron unites with the siliceous lining to form a slag which is returned 

to the blast furnaces, since it is a good flux and also contains con- 
siderable quantities of copper. The copper obtained by this process 

is carried to the preliminary refining apparatus, where air is passed 
over the molten mass to remove traces of sulphur and the small 
amount of slag which was not taken out in the converters is also 
eliminated. During this process some copper oxid is formed, but 
upon stirring this is again reduced to copper by the carbon of the 
converter poles. In this condition the copper is cast into ingots, 

which are sold to refineries not situated at Anaconda. 

The fumes from these processes are passed through long cooling 

chambers in order to condense the volatilized compounds of arsenic 
as far as possible, but in spite of this precaution large amounts of 
arsenic escape from the top of the chimney. No attempt is made to 

recover any of the sulphur compounds. 

RESULTANT WASTES. 

From this brief description of the process used at Anaconda, it 
will be evident that four wastes arise which may be injurious to plant 

or animal life. 
(1) The sulphur contained in the ore is gradually given off dur- 

ing the various processes of smelting, as sulphur dioxid and a little 
sulphur trioxid, which would have their injurious action on vegeta- 

tion. 
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(2) In case arsenic is present in the ores, as it often is and notably 
at Anaconda, it is given off in the fumes from the smelter in volatile 

form and deposited on the surrounding land and crops, where it may 
be present in sufficient amounts to poison cattle browsing on exposed 
ranges, or living on hay cut from such pasture. 

(3) The tailings from the water concentration of the ore and the 
slag, in a finely divided condition, are discharged on a dump heap 

through which the water from the plant is constantly percolating on 
its course to adjacent streams and the “slimes” are left in piles in 
the open air. Both the slime heap and the dump are also exposed to 

the percolating action of the rain. In consequence, the streams re- 
ceiving the waste water from concentrating and smelting plants con- 
tain a comparatively large amount of copper in suspension and are 

apt to hold some copper in solution. If these streams are used for 
irrigating purposes there is a possible source of injury to growing 

crops due to the action of the copper present. 
(4) Finely divided particles of the ore are discharged from the 

smelter stack and settle on the surrounding country. These fine par- 
ticles of flue dust may contain sufficient amounts of copper, lead, and 
zinc to injure vegetation, because of their toxic action through the 

medium of the soil and because of their caustic action on the foliage. 
While it is beheved by some® that the action of this so-called flue 
dust gives rise to the principal damage caused by smelter smoke, the 
writer is inclined to the opinion ? that such injury is not of great sig- 

nificance except in a very limited area about the smelter, and that an 

investigation of it is in most cases unnecessary, as the owners of smelt- 
ers are usually perfectly willing to admit damage, even beyond the 
area likely to be affected by the solid particles of copper, lead, and 
zinc in the flue dust. 

In the first case of this kind studied by the writer in the vicinity 
of Redding, Cal. (see Pl. I), and in the laboratory at Washington 

during 1903 and 1904, no complaint had been made of the injury 
from arsenic or from copper, so that the only problem considered 
was the action of sulphur dioxid and trioxid fumes on the surround- 
ing vegetation. The results of this study and the original investiga- 
tions connected therewith have been published,® but a résumé will be 
given, together with certain results obtained since the publication 
of the Redding investigations, in order that the reader may under- 
stand the present status of the work. 

@Fbaugh, J. Amer. Chem. Soc., 1907, 29: 951. 

b Haywood, Science, 1907, 26: 476. 

€U. S. Dept. Agr., Bureau of Chemistry, Bul. 89, Injury to. Vegetation by 

Smelter Fumes, 1905. 



g INJURY BY SMELTER WASTES. 

EXPERIMENTAL INVESTIGATIONS RELATING TO THE ACTION 
OF SULPHUR DIOXID ON VEGETATION. 

ORGANS OF THE PLANT THROUGH WHICH INJURY TAKES PLACKE. 

In carrying on an investigation of this kind it was first necessary 
to ascertain whether or not sulphur dioxid was injurious to plant life, 

how small a quantity was injurious, and through what organs of the 
plant such injury took place. Light is thrown on this subject by the 
work of foreign chemists. 

Freytag? showed that sulphur dioxid and trioxid do not injure 
the plant through the roots. His experiment consisted in watering 
wheat, oats, and peas with large amounts of dilute sulphurous acid 
in one case and sulphuric acid in another. The plants neither wilted 
nor reduced their yield. Von Schroeder and Sechmitz-Dumont ? 

made an investigation on pines, firs, lindens, and Norway maples in 
1896, in which they treated (1) the aerial parts of the plants with 
sulphur dioxid, (2) the aerial parts of the plant and the earth with 

sulphur dioxid, and (3) the earth in which the plant was growing 
with dilute sulphurous acid. They also showed that the injury to 
vegetation by sulphur dioxid is not through the roots, but through 
the medium of the leaves, and that even extremely minute quantities 
of sulphur dioxid are injurious. 

Wieler in his work entitled ‘“ Untersuchungen tiber die Einwir- 
kung schwefliger Siiure auf die Pflanzen,” which has been published 

since the work at Redding was done, also gives numerous experi- 
ments to show that minute amounts of sulphur dioxid injure plants 

through the leaves, but he also states that in the course of time the 
sulphur dioxid and trioxid present in smelter smoke injuriously 
affect the soil and so indirectly injure the plant through the roots. 
He is further of the opinion that soils subjected to the action of 

sulphur dioxid suffer from a reduction in the lower forms of animal 
and plant life which are so necessary to the series of natural changes 
taking place in normal soils. He is also of the opinion that such 
soils suffer a loss in bases, which eventually causes them to become 
acid, as not enough bases are present to form humates with the humic 
acid. In proof of the latter poimt, he has taken soil samples from 

the vicinity of several smelters and found that all of them contained 

free humic acid. 
Wieler’s conception of this additional injurious action of sulphur 

dioxid on the soil has been published so recently that the writer has 
not been able to investigate the subject sufficiently to express a defi- 

@Mitt. d. konig]l. landw. Akad., Poppelsdorf, 1869. 

6 Thar. forstl. Jahrb., 1896, 46: 1. 
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INJURIOUS AMOUNTS OF SULPHUR DIOXID. A. 

nite opinion in regard to its merits. It would appear, however, from 

the work done that Wieler lays too much stress on the sulphur dioxid 
injury to the soil, as compared with the injury caused by the sulphur 

dioxid acting on the foliage. In support of this opinion several soils 
from the vicinity of a smelter were tested by the author. These 
soils were taken from forest land where certain trees were practically 
annihilated by smelter fumes, as proved by chemical analysis, and 

yet all of the soils gave an alkaline reaction, showing that there had 
evidently not been such a loss of bases as to give rise to free humic 

acid. 
On the whole, then, the work done undoubtedly points to the fact 

that sulphur dioxid injures vegetation through the leaves, but whether 
it injures the soil, and so indirectly injures the plant through the 

roots, is a problem which must be studied further before a definite 

conclusion can be reached. 

AMOUNT OF SULPHUR DIOXID THAT MAY CAUSE INJURY. 

In regard to the amounts of sulphur dioxid in the atmosphere that 
may injure vegetation, St6ckhardt* showed that 1 part of sulphur 

dioxid to 1,000,000 parts of air injured potted pines seriously after 
265 fumigations. Freyag* cast doubt on Stéckhardt’s data by his * 
investigations, and Stéckhardt’s work was repeated by Von Schroeder 
and Schmitz-Dumont," who showed that great injury was inflicted by 
fumigating pines 109 times with 1 part of sulphur dioxid to 100,000 
parts of air and that injury was to be noted on fumigating pines 583 
times with 1 part of sulphur dioxid to 1,000,000 parts of air. 

The details of the work done by the writer in relation to injury to 

pines and young cowpeas” by sulphur dioxid show the following 
results: 

(1) Pine trees fumigated © 6 times with 1 part of sulphur dioxid 
to 100 parts of air showed marked injury. All of the needles were 
drooping, and nearly all had turned yellow or brown. ; 

(2) Pine trees fumigated 9 times with 1 part of sulphur dioxid to 

1,000 parts of air were greatly injured in the same manner as the 
plants just described. 

(3) Pine trees fumigated 50 times with 1 part of sulphur dioxid to 
10,000 parts of air were badly injured. 

(4) Cowpeas fumigated 18 times with 1 part of sulphur dioxid to 

10,000 parts of air lost all their leaves and could not be revived, al- 
though carefully watered and tended outside the fumigation chamber. 

@ Hasselhoff and Lindau, Die Beschiidigung der Vegetation dureh Rauch, pp. 

5S—66. 

5U. S. Dept. Agr., Bureau of Chemistry, Bul. 89. 

© Each fumigation lasted for one hour. 

40505—Bull. 115—OS 
» = 



10 INJURY BY SMELTER WASTES. 

(5) Pine trees fumigated 50 times with 1 part of sulphur dioxid 
to 30,000 parts of air showed decided injury. 

Since the above work was performed in connection with the in- 
vestigation of 1903-4, described in Bulletin 89, the writer has con- 
ducted further experiments (during 1907) to test the effect of sulphur 
cioxid on vegetation. A fumigation chamber was used consisting of 
a wooden frame 3 feet broad, 3 feet deep, and 4 feet in height, with 
glass panes, as shown in Plate IT. On the side was a removable door 
which could be tightly closed. This chamber was placed over various 
trees about 3 feet in height, just as they grew in the open. The sul- 
phur dioxid was prepared by burning carbon bisulphid, in an aleo- 
holic solution, in such amounts.as would give definite amounts of 
sulphur dioxid in relation to the space within the chamber. <A fan, 
run by dry batteries from the outside, was used to mix the sulphur 
dioxid and the air. Each fumigation was continued for one hour, 
when the chamber was removed and the plant allowed to stand in the 
open from fifteen minutes to an hour. The chamber was entirely 
removed from the plants at mght. 

Another fumigation chamber of exactly the same construction and 

size was placed over a control plant. In this chamber the same 
amount of alcohol was burned as was used in the case of those plants 
which were subjected to the action of sulphur dioxid. A fan was 

also used to mix the products of combustion of the alcohol with the 
air present, and the periods of fumigation were the same in both 

eases. In this way the control plants were’ subjected to the same con- 

ditions as the treated plants except for the presence of a definite 
quantity of sulphur dioxid. 

Following are the results obtained on fumigating several different 

trees which were growing in their natural state in the open: 

No. 5282. Black oak.—Fumigated 4 times July 8 and 9 with sulphur dioxid 

1:1,000. After 1 fumigation the leaves were wilted and streaked. After 4 

fumigations the leaves were dry and brown. The control plant was uninjured. 

No. 5284. White oak.—Fumigated 5 times July 10 and 11 with sulphur dioxid 

1:1,000. After 3 fumigations the leaves looked gray and withered. After 5 

fumigations the leaves were gray and dry. The control plant was uninjured. 

No. 5286. Cedar.—Fumigated twice on July 13 with sulphur dioxid 1: 1,000. 

After 2 fumigations the leaves looked brown and drooped. On standing over 

July 14 the leaves appeared brown and dry. The control plant was uninjured. 

No. 5288. Chestnut.—Fumigated 5 times on July 15 with sulphur dioxid 

1:1,000. After 2 fumigations the leaves began to turn yellow. After 5 fumi- 

gations the leaves were yellow and dry. The control plant was uninjured. 

No. 5290. Black oak.—Fumigated 14 times from July 16 to July 19 with sul- 

phur dioxid 1: 10,000. After 11 fumigations the leaves were turning brown and 

new leaves and sprouts had died. After 14 fumigations all leaves were brown 

and dry. The control plant was uninjured. 
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SULPHUR-TRIOXID CONTENT OF FOLIAGE. 11 

No. 5292. White oak.—Fumigated 16 times from July 20 to »t.y 24 with sul- 

phur dioxid 1: 10,000. After 2 fumigations brown spots appeared on the leaves. 

After 5 fumigations the top leaves were dry and brown. After 16 fumiZations 

all the leaves were dry and brown. The control plant was uninjured. 

No. 5294. Serub pine.—Fumigated twice on July 25 with sulphur dioxid 

1:10,000. After 2 fumigations all the leaves were brown, dry, and dead. The 

control plant was uninjured. 

No. 5296. Black oak.—Fumigated 100 times from August 5 to August 30 with 

sulphur dioxid, 1: 50,000. After 29 fumigations the gloss disappeared from the 

leaves and the young leaves took on a grayish tint. After 100 fumigations all 

the end buds were killed. The younger leaves were bleached and dotted with 

brown spots. The old leaves had lost their gloss and were bleached in spots. 

This tree was observed for three weeks after its removal from the fumigation 

chamber and no new growth took place. The control plant was uninjured. 

No. 5298. Scrub pine.—Fumnigated 34 times from September 3 to September 

10 with sulphur dioxid 1:50,000. After 9 fumigations the top needles were 

somewhat bleached. After 19 fumigations the top needles were entirely killed 

and the lower needles were killed at the ends. After 34 fumigations all leaves 

were brown and dry. The control plant was uninjured. 

No. 53800. Scrub pine.—Fumigated 96 times from September 12 to October 7 

with sulphur dioxid 1: 100,000. After 49 fumigations the ends of the young 

needles were turning brown. After 96 fumigations all the leaves were badly 

affected, the young needles were brown and dead, the older needles dead at the 

ends. The control plant was uninjured. 

The investigation of the effect of fumigation on plants growing in 

the open was discontinued at this point on account of a pressure of 
other work, but will probably be resumed later and even greater 
dilutions than 1: 100,000 will be used. 

SULPHUR-TRIOXID CONTENT OF THE FOLIAGE OF FUMIGATED 

AND UNFUMIGATED PLANTS. 

It was next necessary to determine whether treating plants with 
sulphur dioxid increased the sulphur-trioxid content of the leaves so 

that it was present in larger quantities in the leaves of the treated 
plants than in those of the untreated ones. Asa necessary consequence 

of such an increase, the sulphur-trioxid content of the ash of the fumi- 
gated plants would be apt to be higher than that of the ash of the 
unfumigated plants. 

In the work of Von Schroeder and Schmitz-Dumont, previously 

mentioned, when different parts of the plants were treated with vary- 
ing strengths of sulphur dioxid, the sulphur-trioxid content of the 
treated plants was in excess of that of the control plants in every 

ease, and the percentage of sulphur trioxid in the ash of the treated 
plants was higher than that in the ash of the control plants. The 
same was found to be true on making analyses of the pines and cow- 

peas fumigated by the writer. Analyses of fumigated plants grown 

Haywood, U. S. Dept. Agr., Bureau of Chemistry, Bul. 89, p. 14. 
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in the open, made during 1907 since Bulletin 89 was published, give 
the following results: 

TABLE 1.—Effect of fumigating trees growing in the open with varying strengths 

of sulphur dioxrid, as shown by the sulphur trioxid determined in the foliage. 

[Calculated to dry basis.] 

Serial Ash in Sulphur trioxid— 

5 Description. dry == 3 = 
: leaves. |In leaves.| In ash. 

Per cent.| Per cent.| Per cent. 
5282 | Black oak treated with sulphur dioxid 1:1,000________________ 3.89 0.70 17.99 
52852 Mala cks Oa KAS eG eaSieO lites eee 3.68 259 16.03 
5284 | White oak treated with sulphur dioxid 1:1,000________________ | 6.49 2.01 30.97 
52856 | CW niteWak Usedcas COMET Ol: eae ee bee a oe eee eee | 5.94 57 9.59 
5286 | Cedar treated with sulphur dioxid 1:1,000________=_=_________ 5.46 .48 8.79 
HIS Cedar USedaas COM iLO leat a. suet eee rekaen es Bl ener warty See nges 6.06 .85 5.77 
5288 | Chestnut treated with sulphur dioxid 1:1,000_________________ 4.49 1.44 32.07 
Ssh) Gloag he wee Mi Comptolelo se Se 4.60 .06 N17, 
5290 | Black oak treated with sulphur dioxid 1:10,000_______________ 4.00 38) 18.25 
529s BlackiOaksusedsasiCOmbr Ol see ae te ee ae ee ane eee 5.09 56 10.09 
5292 | White oak treated with sulphur dioxid 1:10,000______________. a.02 .69 13.74 
SEB NAVI Ove! ON ero OL Beh COMM) Le oe 6.41 96 8.73 
5294 | Serub pine treated with sulphur dioxid 1:10,000______________ 2.39 48 20.08 
529 Al pS CLUDED IN EsUSEC aSiCOMtO) ae eee ee nee ne ee eee ee eee Bases 42 18.66 
5296 | Black oak treated with sulphur dioxid 1:50,000_______________ 3.64 .06 15.38 
D295 Alas lACK#IOAK USCA aSiCOMibhO) ease a 5 ne ee ee eee | 3.98 .00 LE 6 
5298 | Scrub pine treated with sulphur dioxid 1:50,000______________ 2.51 47 18.72 
SPATE ISO OH ON DNAS: WLC LEIS) COMMU EOE 3 ee ee 2.69 35 13.01 
5300 | Serub pine treated with sulphur dioxid 1:100,000_____________ 1.96 43 21.94 
HSOl ES LUD INE ISEC: aSiG OEY Oe =e ee ee = eee ee nee 2.05 31 1 hal2 

It will at once be seen from the foregoing table that all of the 

plants growing in the open which were treated with sulphur dioxid 

contained more sulphur trioxid in their leaves than the control plants, 
and that the percentage of sulphur trioxid in the ash of fumigated - 
plants is higher than it is in those not fumigated. These results 
at once suggest a method for determining whether trees around a 

smelter were killed by the fumes or died from other causes... 

FIELD INVESTIGATIONS OF THE ACTION OF SULPHUR DIOXID 

FUMES ON VEGETATION. 

A CALIFORNIA SMELTER AND CERTAIN FOREIGN SMELTERS. 

The next step in the investigation was to determine whether the 
dead and badly injured trees around the smelting works near Red- 
ding, Cal., usually contained more sulphur trioxid than trees of 

the same species which stood close by in the same soil, but were not 
killed. Of 25 pairs of trees examined in various directions from the 

smelter 80 per cent contained more sulphur trioxid in the leaves 
of the injured trees than in the leaves of the uninjured ones, while 
20 per cent showed the reverse. It was further shown that in 80 

per cent of the cases the injured trees contained a larger percentage 
of sulphur trioxid in the ash of the leaves than did the uninjured 

trees.? 

2U. S. Dept. Agr., Bureau of Chemistry, Bul. 89. 
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TENNESSEE SMELTERS. 13 

In a similar investigation in the vicinity of a zinc smelter at 
Lethmathe, Germany," one especially conclusive examination was 

made of the foliage of the surrounding vegetation. The investi- 
gator, instead of selecting the trees in groups of two from the same 
location, one injured and the other uninjured, used injured trees 
from points near the smelter and uninjured trees for comparison 
at points farther distant from the smelter, but in the same direction. 
(When this can be done the results are even more conclusive than 
those obtained by the writer by the method just outlined, but, tn- 
fortunately, the rugged nature of the country in the vicinity of the 

smelter at Redding made such a procedure impracticable.) Of nine 

groups of trees examined 89 per cent contained more sulphur trioxid 

both in the leaves themselves and in the ash of the leaves of the 

injured trees than in the uninjured ones. Three or four years later 
the same region around the zinc smelter was again examined, and 

it was found that in nineteen groups of trees the leaves of all of 
the injured trees contained more sulphur trioxid than those of the 
uninjured ones. 
From the work done in the vicinity of Redding, Cal., the following 

important conclusions are drawn: 

(1) Sulphur dioxid when present in very minute amounts in the 
air kills vegetation. 

(2) The injury is accompanied by an increased sulphur trioxid 

content of the foliage. 

(3) The vegetation around the smelter for at least 35 miles north, 

9 miles south, 24 miles east, and 5 to 6 miles west, is greatly injured, 
and less severe injury extends even beyond these limits for a consid- 
erable distance (Pls. III and IV). 

TWO TENNESSEE SMELTERS. 

The next investigation of injury to vegetation by smelter fumes, 
conducted by the writer, was made in 1905 and the summer of 1906 

in the mountainous country of Tennessee, North Carolina, and Geor- 

gia, surrounding two Tennessee smelters, and in the laboratory at 
Washington. The following counties were examined in the various 
trips made in the vicinity of the smelters: Polk, Tenn.; Fannin and 
Gilmer, Ga., and Cherokee, N.C. Again, the only injury studied was 
that due to the action of sulphur dioxid and trioxid on vegetation. 
The chemist in this investigation was accompanied by one of the for- 
esters of the Department of Agriculture. Samples of soil and foli- 
age were collected for chemical examination, but the foliage came 
only from those trees which the forester was reasonably sure had not 
died from insect pests, forest fires, crowding. or other conditions 

* Haselhofft and Lindau, Die Beschiidigung der Vegetation durch Rauch. 



14 INJURY BY SMELTER WASTES. 

commonly causing the destruction of forests. These samples of 
foliage were classified by the forester and forwarded to the Bureau 
of Chemistry for analysis. 

For purposes of investigation samples of the dead and injured 

trees surrounding the smelters were examined, as well as of the unin- 

jured trees of the same species beyond the range of apparent injury. 

The sulphur trioxid content of the foliage and ash of the two sets 
ef samples was then compared. The soils beneath the injured trees 

were compared with those from beneath the uninjured trees to de- 
termine whether any increase in the sulphur trioxid content of the 
injured trees might be due to an increased amount of sulphur trioxid 
in the soil. 

If the sulphur trioxid content of the uninjured trees, situated much 

farther away from the smelters, is less than that of the injured trees 

situated near the smelters, and yet the sulphur trioxid content of the 
soils in which the trees grow is the same, or nearly the same, in both 

cases, this increase of sulphur trioxid must have been absorbed from 

the air and must be responsible, wholly or partly, for the death of 
the trees, since it is known that small amounts of sulphur dioxid and 
trioxid, when absorbed by the leaves of trees, do kill them. In the 
absence of insect pests in sufficient numbers to cause great injury, of 
forest fires, or other ordinary causes for the death of trees, it must 

be concluded that it was the sulphur dioxid and trioxid alone that 

caused the damage. 

Attention is again called to the fact that this method of comparing 

injured trees with uninjured trees at a greater distance from the 
smelter is better than the method followed by the writer at Redding, 
Cal.,¢ and should undoubtedly be followed in all cases where such a 
comparison is possible. The country around the Tennessee smelters 

easily lent itself to carrying out the investigation in this way, while 
in the country around Redding, Cal., such a method of working out 
the problem would have been extremely difficult. 

In Table II are given the results obtained by examining the foliage 
of the injured and uninjured trees for sulphur trioxid and ash. Ina 
northerly, easterly, and westerly direction the writer collected and 
examined samples from beyond the range of apparent significant in- 
jury. Ina southerly direction a few such samples were collected, but 
unfortunately they were very wet when gathered and molded during 
transit. However, since the samples collected beyond the apparent 

range of injury in an easterly direction grew in a soil containing 
practically the same amounts of sulphur trioxid as the soils south of 

the smelters, and also since the examined area to the south is near 

the area over which the samples were collected east of the smelters, it 

2@U. 8S. Dept. Agr., Bureau of Chemistry, Bul. 89. 



RESULTS OF INVESTIGATION, TENNESSEE. 15 

is believed that the injured trees to the south can be compared with 

the uninjured trees beyond the range of significant damage in an 

easterly direction with perfect satisfaction, and that the results of 
such a comparison will be just as accurate as though such uninjured 

samples had been taken beyond the smoke range to the south. 
It should be borne in mind that two smelters were involved in the 

above investigation, which were situated so close to one another that it 

was impossible to say which probably was causing the damage. 
Hence a point midway between the two was chosen as the most con- 
venient point from which to reckon all of the distances given in 
Table IT. 

TABLE II.—Sulphur trioxvid in foliage, in ash, and in soils around smelters. 

[Calculated to dry basis. ] 

NORTH OF SMELTERS. 

ae Approximate Ashin Sulphur trioxid— 
ield| Serial a Vo | distance and leaves = 7 = Na: wat Description of sample. direction from and ees I ms I il 

| Sineldiexs. needles, |10 leaves.| In ash. n soil. 

x : | Per cent.) Per cent. | Per eel Per cent. 
51 2797 | Foliage, black oak, injured_ 7 miles NNW___ 4.13 0.91 2? ON nes . ae 
60 2806 | -__ (a ee ee ee eel ee, des. 4.62 1.05 22 ee 

ll eg ee | oe a eae NE fees 4.98 1:10") 24 Oe ee 
79 2825 | Foliage, black oak, unin- | 133 miles NNE_. 4.04 41 | EAVES b 38 Rees eS 

jured. 
59 Pale MOCTIE A LANL ON ADE 00 Ole - ot. et I ee | 0.05 
80 Pa eee een tia Wn. (ees eS) os oa Ie en Oe -03 
63 2809 | Foliage, scrub pine, injured_, 64 miles NNE_- 2.83 -87 | 30 init ee 
64 | 2810 |_____ "ik a SR ens oe 5 a 2.34 $5): Sag ees 8 
2) ee Re 2 eee ee eee See if ei Sa 2.99 3... Sea eae 
7 2824 | Foliage, scrub pine, unin- 133 miles NNE_. 2.06 | -36 | ia «rss 

jured. 
67 PAI} NOeR EASA MN OS ine 450522 20 a ee ee ee ee 07 
80 Ae OM MOREA LAG NN 1Bi 2 a Neues SUS te eerie Dees eee ee See .03 
68 2814 Opaee» white pine, in- | 8 miles NNE___ 2.46 -66 | 2682: |" 3-4 

jured. : 
77 2823 | Foliage, white pine, un- | 133 miles NNE_. 1.74 36 | 20-69: [ees se 

injured. 
71 PEO DeHeAL TE NOD GS° 2 2) Se EA ey ee en er -06 
80 eer atay Se EME Ie St a Ss Ss SE (eeceeoul en ea os -03 
69 2815 | Foliage, black oak, injured_| 8 miles NNE___. 5.20 | 95 18.96 ic . 
79 2825 pest black oak, unin- 133 miles NNE_. 4.04 41 10,14 Ae Sere 

jured. 
71 PAS SOU CHE LLIN 100200. S| eee ema Oe Ss 2 ye eS 2 | eee S 06 
80 Sea SCE AL Oe Oe Sot ee oS |S oie ey bt fait yl -03 
100 2846 | Foliage, white pine, in- 84 miles NNE__- 1.97 -56 | DS: ADae ws Fae 

jured. 
rk 2823 Foliage, white pine, un- 133 miles NNE_. 1.74 .36 | ye rie 

injured. 
98 2844 | Foliage, black oak, injured_ 9} miles NNE__- 4.41 aD 17.00 p= ee 
79 2825 | Foliage, black oak, unin- 133 miles NNE_- 4.04 41 ie Se 

| _ jured. 
81 | 2827 Foliage, bla¢koak, injured_ 123 miles N. by 4.55 Bo.) * 1 Sew oe 

: Be 
83 BRIG 1 = 322) oe SE ee See eee Be eed Th ae 4.96 67 | oR pe 
79 2825 Bonne? black oak, unin- 13 miles NNEL- 4.04 41 10:14 [2 SSS 

jured. 
89 PES OEE AT EOS Sitar shee wer A eI ee ee aan) .03 
80 ee CROAG I ING, tides ee tT Ett Sw ee pee Fs 08 
90 2836 | Foliage,scrub pine, injured. 124 miles N. by 3.07 my 16.664 = Ee — 

78 2824 | Foliage, scrub pine, unin- 133 miles NNE_. 2.06 36 iT a el 
jured. 

EI ESS SES | ee i er ae -08 
80 eeu) SET Ds 1 Ser: eS ne aS ee nn oeeeeee Oem ee es .03 
92 2838 Pee white pine, in- 12% miles N. by 2.57 49 19.06 | aS eS 

jured. 2 
93 2839) 1 282 "7 (eat ss eS Seer ae “ios. 2.39 50 20:52 ae 
94 ISAG: |< =. do eS ee eee ee. See “1 OG ies ee 2.65 a0 bw spy ea ee 

77 2823 | Foliage, white pine, un- 13} miles NNE_. 1.74 36 ee Ee 
injured. 
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Taste I1.—Sulphur trioxid in foliage, in ash, and in soils around smelters— 

Continued. 

EAST OF SMELTERS. 

| 
| Approximate | Ash in Sulphur trioxid— 

Field| Serial aes rig ; | distance and leaves 
No. No. Description of sample. | direction from and ie leeeee.) Tt i I s 

enetfenae menace eaves.| In ash. n soil. 

Per cent.| Per cent.| Per cent.| Per cent. 
149 2895 | Foliage, white oak, in- | 3 miles ENE___- 3.74 0.85 DD: Si Pals eee 

jured. : 
158 2904 | Foliage, white oak, un- | 83 miles E______- 4.78 58 12 1a a eee 

injured. 
153 2899 | Foliage, shortleaf pine, | 44 miles E__-___- 83,533 61 W7228n |e 

injured. | 
154 290 (nl eee (6 Ko Weipa ee A aa ee ere dO 2a 3.28 -70 Zc 3 4s areca eee 
153 2899 | Foliage, shortleaf pine, | 83 miles E______- 2.82 -40 148) |See see 

uninjured. 
156 2902 Soil) Dem aely~ INOS se Wey eee ee aE ee ee ee 0.04 

154, 
161 2007 Soil beneath Nowed5 e223 | Se | ee ee eee 04 
171 2917 | Foliage, shortleaf ~pine, | 53 miles NE____. 4.16 -80 92 25% | we ee oe 

injured. E 
157 2903 | Foliage, shortleaf pine, | 84 miles E_____-- 2.82 -40 4 tS ise ee ere 

uninjured. 
175 2991, | SS oil beneath NiO iiss 22 | esas ee seta Ea Ee ee | a a gear | ae ae .06 
161 2907 | Soil beneath No. 157__.._-. ei oe eee ee S| eS | eee 04 
164 2910 | Foliage, shortleaf pine, | 5 miles E_______. B56 .83 Pasa5) Vol ete =i 

injured. 
157 2903 | Foliage, shortleaf pine, | 83 miles E______. 2.82 -40 14518 nse eee 

uninjured. | 
166 2912 | Foliage, black oak, in- | 5 miles E_______. 5.14 5 (il 133810). sea eaee 

a juned: 
159 2905 | Foliage, black oak, un- | 8% miles E______. 3.15 .49 15.595) 

injured. | 
168 2914 | Soit beneath Nos. 164, |_____-__________-'---=---_--|---=--_-__|____-__ = . 06 

166. | 
161 9907.2| 4S oil beneabh NOScn15 7,0 159.18 as sere precast ae Ie oe a |e ee 04 
176 2922 | Foliage, black oak, in- | 6 miles NE_____. 5.34 94 175607 eee 

jured. | | 
162 |. 29080 |= Oss oe me wei | 52 miles E______. 4.10 .63 15.879 |2s2 see 
159 2905 | Foliage, black oak, un- | 83 miles E_____-. 3.15 -49 15551) | See 

injured. | | 
| 

SOUTH OF SMELTERS. 

| Per cent.) Per cent.| Per cent.| Per cent. 
103 9849 | Foliage, white oak, in- 2 miles SSW___.! 6.48 0.92 1a S302 <2) een 

jured. | 
158 2904 | Foliage, white oak, un- 83 miles E______. 4.78 58 12313) |e areas 

injured. 
105 P8514. S orl bene abheiNioys Ose ees | ee ee a a eat eee ee (eee 0.05 
161 2907 | Soil beneath No. 158_______ ieee apeinled mace g tay Deel |e Ae te ered = ON Ve rele WY [cae NA .04 
106 2852 vee white oak, in- | 3 miles SSW___/ 3.63 49 13 749 .|b 2-2 eee 

jured. | 
158 2904 | Foliage, white oak, un- | 83 miles E______- 4.78 58 1 A 2 tom (eee es Ss 

injured. 
143 2889 | Foliage, shortleaf pine, | 32 miles S_____-. | 2.97 66 D099 Alaa ee 

2 injure | 
144 2890 |____- QO:2 2S ee a ds Se ee Gol wets 2.91 30 20-61 G\ hee soe 
145 289i ees C1 Oe See ees ee ea (6 (OpeA eee aes 2.83 al 25 J08ialins ea ees 
157 2903 | Foliage, shortleaf pine, | 83 miles E_-___-. 2.82 40 a i [Paes 

uninjured. 
148 9894. )|\ ‘SO beneath INOS spas eae Se eee pare | ee el ee .05 

144, 145. 

161 2907) Soil beneath No Alb (2222525. See ee ee ee ee eee ae 04 
138 2884 | Foliage, white oak, in- | 4 miles S______-. 5.46 1.03 18/863 = See 

jured. | 
158 2904 | Foliage, white oak, un- | 83 miles E____--. 4.78 58 12M Salley aoe 

injured. 
142 2888 | Soil beneath No. 138_____-- by 2 BoM rect Sule co al ona Ss 4 Ben ter mak ee oe ee | ad oa 04 
161 290% | SOT DEM eat No 55S | ae ene |e eer |e ate er .04 
136 2882 | Foliage, white oak, in- 63 miles SSE_-_- 4,58 SU. 162812 | 23Ss 

jured. ¥ 
158 2904 | Foliage, white oak, un- | 83 miles E2----=: 4,78 .58 AD Sule aa 

injured. 



TABLE II.—Sulphur 

RESULTS OF INVESTIGATION, 

triorid in foliage, 

TENN 

Continued. 

SOUTH OF SMELTERS—Continued. 

17 

in ash, and in soils around smelters— 

Approximate Ash in Sulphur trioxid— 

Field| Serial te distance and leaves << — 
No. No. Description of sample. _ direction from and relaaeca twach I il 

| smelters. | needles. | ie en, Tg ahi oe 
A} | s x 

| Per cent.| Per bein, eee cent.| Per cent. 
134 | 2880 | Foliage, black oak, in- | 63 miles SSE___ 4.52 | 0.73 ea Emenee 

jured. 
159 2905 | Foliage, black oak, unin- | 83 miles E______- 3.15 | 4 De 

jured. 
120 2866 | Foliage, black oak, in- | 9 miles SSW___. 3.58 39 | 10892) - = 

jured. 
159 2905 | Foliage, black oak, unin- , 83 miles E___--_- 3.15 .49 fe ol ee ee 

jured. c 
128 2874 | Foliage, black oak, in- | 93 miles SSE___| 4.69 .63 13.485) 

| jured. 
1299 | 2879 |_____ el aot a eh eee | rie ale ee 4.32 | 57 13:19) 
159 2905 Foliage, black oak, unin- % miles H__-_--: ees .49 152550) 2225 ee = 

| jured. 
131 2877 | Soil EME iar COs oS See Se ee ee b=3 Seca eS 0.05 
161 BUYS SHCA DCCC GB ks I) a bs (ee ee (ee ee eee .04 
124 2870 | FoJiage, scarlet oak, in- | 103 miles S____-. Pt 2e| .67 24 Gom te 2 

| _jured. 
160 2906 | Foliage, scarlet oak, un- | 83 miles E__-__-. PASTitl .50 T8205: jess: 2 Sask 

injured. 
126 2872 | Foliage, black oak, in- | 103 miles S____- 3.59 41 1 ee eee 

jured. 
159 2905 | Foliage, black oak, unin- | 83 miles E____-_- 3.15 .49 15. 55a 

| jured. 

WEST OF SMELTERS. 

Per cent.| Per cent.| Per cent. | Per cent. 
1 9747 | Foliage, post oak, injured. | 24 miles WNW__| 4.53 eR al 28:92 > ee 
<6 Poe. ae LSS a Se 3 miles WNW--. 4.60 | 1.02 22 AS =) oe 
5 7A (3 bal Eee 5 (eee ee Sees Se aa doe = 5.36 1.13 91-08) a re eres 

24 2770 | Foliage, post oak, unin- | 133milesWNW_| 5.48 DE 16:40) = 
jured. | 

7 2753 | Foliage, white oak, in- 3 miles WNW_-. 4.46 1.09 | 4544" a Pes ae 2 
jured. = 

2d 2771 | Foliage, white oak, unin- 133milesWNW- a We) 719 12093. ee 
jured. 

9 a aS OL MICE RUMI One (ae ea Sees Re ee ae ee eee a eee 0.06 
27 ZiOMES OnEDeHea CHENG» 2ot22=> ee ses ee eee Ek, Foe S| eee eee eo 04 
10 2756 | Foliage, shortleaf pine, | 5 miles WNW_-. 3.47 | 84 | yi: ei Viel Ns I 

injured. 
ce Se eee 1 cee see eee aaa eae ieee ee 4.18 366:)"5 aT ee 
23 2769 | Foliage, shortleaf pine, 13}milesWNW- 4.40 57 12.9578 Se SS 

uninjured. : 
12 2758 | Foliage, white oak, in- 5 miles WNW_-. 4.47 .92 A) BS TA a ea 

jured. 
25 2771 eae white oak, unin- 133 milesWNW- 6.11 79 | BAL! Se) een a ree 

ured. | 
14 2760 Soil beneachy NOs? 1005s) 2 fee Se es oot Ee ae .04 

ae; 
27 PUTS OL DOREALI NOSat cae ee ea ee ee 2S a Se [ee 04 
17 2763 | Foliage, white pine, in- 6 miles WNW 2.98 | .73 Pa Sh (age eae & 

jured. 
18 Dip Ap| =e Monten a Se eee GOts S22. == 2.36 Bt 30 G3 ha ee 
28 2774 | Foliage, white pine, unin- 133milesWNW_| 3.08 | 47 15,26" | 22s 

jured. 
20 2766 | Foliage, Spanish oak, in- | 6 miles WNW_-_| 4.29 | 1533 30.538 | a ee 

jured. 
26 2772 | Foliage, Spanish oak, un-  13}milesWNW_ 4.58 .69 1SOT, et es 

injured. 
OF. 27 OSS Ole beneath NOS. Lise Wes os eo Ne 8 a wee es ee | .06 

20. 
PY 2773 | Soil beneath Nos. 28, 26_--.|----- eee ee see een See | aa ee PE 04 
180 2926 | Foliage, white pine, in- | 8 miles W_------ 2.48 <a 5 Gat ee ee 

jured. 
28 2774 | Foliage, white pine, unin- | 13}miles WNW- 3.08 | 47 | 16°96 eee 

jured. 
184 2930 | Soil beneath No. 180____. — lth et SR et Ee. See | bp. See! 04 
27 2773 | Soil beneath No. BB = == — | ann ae Ed oe eee ees a . 04 
29 2775 | Foliage, white pine, in- ; 94 miles WNW. 1.90 | 54 | ea OY ord See 

jured. 
28 2774 | Foliage, white pine, unin- | 134 miles WNW_ 3.08 47 gE i ee 

jured. ; | | 

40505—Bull. 113—08——3 



18 INJURY BY SMELTER WASTES. é ; 

In this table, with possibly two cr three exceptions, it will be 
noted that the soils close to the smelters contain very nearly the 

same amcunts of sulphur trioxid as those farther away, so that in 
comparing injured trees situated near the smelter with uninjured 
trees at a greater distance the soils in which they grew may be con- 
sidered identical. 

Out of 49 such comparisons it will be noted that 46 times, or in 
94 per cent of the cases examined, the sulphur trioxid content of the 
injured trees is larger than that of the uninjured trees of the same 

species situated beyond the range of the seemingly significant dam- 
‘age and that in 40 cases, or 82 per cent of the number examined, the 
sulphur trioxid content of the ash of such injured trees is larger 
than that of similar uninjured trees situated beyond the range of 
apparent damage. 

~ Ina northerly direction in 100 per cent of the cases examined the 
leaves of the injured trees contain a larger percentage of sulphur 
trioxid than the leaves of the uninjured trees and in, 81 per cent of 
the examinations the ash of such injured trees contains a larger per- 
centage of sulphur trioxid than the ash of the uninjured trees. 

In an easterly direction in 100 per cent of the cases examined the 
leaves of the injured trees contain a larger percentage of sulphur 
trioxid than those of the uninjured trees and in 75 per cent of the 
cases examined the ash of such injured trees contains a larger per- 
centage of sulphur trioxid than the ash of those uninjured. 

In a southerly direction in 77 per cent of the cases examined the 
leaves of the injured trees contain a larger percentage of sulphur 

trioxid than the leaves of the uninjured trees and in 69 per cent of 
the examinations the ash of such injured trees contains a larger per- 
centage of sulphur trioxid than the ash of those uninjured. 

In a southerly direction, if only those trees are considered which 
were within a distance of 64 miles from the smelters, it appears that 
in 88 per cent of the cases examined the leaves of the injured trees 
contain a larger percentage of sulphur trioxid than those of the 
uninjured trees and in 100 per cent of the examinations the ash of 
such injured trees contains a larger percentage of sulphur trioxid 
than the ash of those that are uninjured. 

In a westerly direction in 100 per cent of the examinations both 
the leaves and the ash of the injured trees show a larger content of 
sulphur trioxid than do the leaves and the ash of the uninjured trees. 

From this investigation the following conclusions are drawn in 
regard to the distribution of the injury by smelter fumes: _ 

(1) The vegetation around the smelters appears from actual chem- 

ical analysis to be injured for at least 12 to 124 miles north of the 
smelters, 64 miles south, 54 to 6 miles east, and 94 miles west. 
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(2) There can be but little doubt that the injury extends beyond 
the limits mentioned in the preceding paragraph, but this can not be 
shown by chemical analysis, since the difference in sulphur trioxid 
content between injured and uninjured trees becomes so small as to 

be within the limits of experimental error. 

INVESTIGATIONS OF INJURY TO VEGETATION AND ANIMAL LIFE 

BY SMELTER WASTES AROUND ANACONDA, MONT. 

A third extremely important study of injury to vegetation and ani-' 

mal life by smelter wastes was conducted by the writer in the country 
surrounding Anaconda, Mont., and at Washington during the latter 
part of 1906 and the whole of 1907. In the immediate vicinity of 
Anaconda the huge Washoe smelter is situated, roasting, when run- 

ning at full head, from 8,000 to 10,000 tons of ore per day, which 
ore is said to contain quite large quantities of arsenic. (See Pl. V.) 

The plant is situated in a semiarid country, where irrigation is 
practiced, and discharges its tailings and slags into certain of the 
streams that are used for irrigation purposes. There are therefore 
three distinct problems to be worked out in connection with the 
injury caused by the smelter: 

(1) Whether or not the vegetation is injured by reason of the 
sulphur dioxid and trioxid set free. 

(2) Whether enough arsenic is set free to settle on the surround- 
ing forage plants to make them unfit for stock. * 

(3) Whether the waste when discharged into the irrigation 

streams renders the water unfit for irrigation purposes and injures 

the soil to which such water is applied. All of these problems were 
studied, and definite data bearing thereon obtained. 

The chemist in this investigation was accompanied by one of the 
foresters of the Department of Agriculture. Samples of soil, foliage 
of trees, forage plants, irrigation waters, ores, and of the dump heap 
were collected and forwarded to the Bureau of Chemistry for chem- 
ical examination. As in the Tennessee investigation, samples of 
foliage were collected from those trees which the forester was certain 
had not died from insect pests, forest fires, crowding, or other com- 
mon causes of forest destruction. 

A few paragraphs of introduction are necessary in regard to the 
situation of the smelter and the appearance of the surrounding 
country. 

LOCATION OF SMELTER AND APPEARANCE OF SURROUNDING 

VEGETATION. 

The Washoe smelter is situated on a high hill toward the southern 

end of Deer Lodge Valley, which is about 35 miles long and from 4 
to 6 miles wide. (See Pl. VI.) It is located about at the junction 
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of Deer Lodge Valley and Warm Springs Creek Valley, and is near 

the Hell Gate and Helena National Forests and certain other public 
lands. To the north, south, east, and west of this valley are quite 
high ridges of mountains which are cleft here and there by the val- 
leys-of small creeks, of which Warm Springs Valley is one of the 

largest. Down the center of Deer Lodge Valley runs the river of 
_that name, into which is carried part of the tailings and slag from the 
plant and the wash from the dumps and slime heaps. As before 
mentioned, this river is used for irrigation purposes, although a 
large number of the farmers say- that it 1s injurious and prefer to 
cet their water from small creeks coming down from the mountains on 
either side, only using the river water when it is absolutely necessary. 
It is only near the tops of ridges and beyond them and along the val- 
leys of the various small streams that the land is forested to any 
extent. Besides this, forest fires have swept over certain of the 

mountains in the past, so that all dead timber can not be ascribed to 
sulphur dioxid from the smelter. However, enough trees remain 
within a radius of 10 to 15 miles from the smelter, which have not 
been injured in any way by the forest fires, crowding, Insect pests, 

etc., to enable one to observe the damage caused by sulphur dioxid. 
The three principal kinds of trees in the neighborhood of the smelter 

are the lodgepole pine, juniper, and red fir. The difference in 
their resistance to sulphur dioxid fumes is very marked and can 
easily be observed. 

Immediately surrounding the smelter practically all trees are either 

dead or severely injured. A very few trees still stand, to which those 
who do not believe in the injurious effects of smelter fumes point with 
pride as examples of the fact that sulphur dioxid does not injure 
vegetation. Since, however, hundreds of the same kinds of trees 
are killed outright at ten times the distance from the smelter, the 
force of the argument is entirely lost and the few seemingly uninjured 
trees near by only appear to a disinterested person as curious ex-_ 
amples of individual resistance. 

NORTH OF THE SMELTER. 

Going north from the smelter a trip was first made from Anaconda 
in a direction slightly east of north, until the road running along the 
east side of Deer Lodge River was reached. This road was followed 
to the vicinity of Race Track. Here the river was again crossed and 
the road running on the west side of the Deer Lodge River was fol- 

lowed as far as Deer Lodge. On the return the same route was fol- 
lowed, except that the trip along the east side of the river was con- 
tinued farther south to a point beyond J. R. Perdee’s ranch. Various 
samples of cattle-food materials, soils, and Deer Lodge water were 
collected and observations on the general appearance of the vegetation 

~ were made. It was noted that the bushes and trees along the streams 
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Fic. 1.—VIEW OF MOUNTAIN ABOouT 2.5 MILES WEST FROM WASHOE SMELTER—FORMERLY 

COVERED WITH TIMBER TOWARD THE SUMMIT, BuT Now BARE. 

Fic. 2.—VIEW OF MOUNTAIN SIDE ABouT 3 MILES WEST FROM WASHOE SMELTER—RED 

FIRS KILLED AND JUNIPERS APPARENTLY UNINJURED. 
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FiG. 1.—VIEW OF MOUNTAIN SIDE ABouT 10.5 MILES WEST FROM WASHOE SMELTER—RED 

FIRS KILLED AND LODGEPOLE PINES INJURED. 

Fic. 2.—VIEW OF MOUNTAINS ABOUT 11 MILES WEST FROM WASHOE SMELTER—LIGHT 

AREAS ALONG MOUNTAIN SIDES SHOW PRACTICALLY TOTAL DESTRUCTION OF RED 

FIRS WITH NO SIGN OF RECENT FOREST FIRES. 
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were badly spotted and injured for several miles from the smelter, 

and down as far as Race Track the crops did not appear to grow as 
luxuriantly as those around Deer Lodge. The trees growing in the 
valley were so few in number that it was nearly impossible to judge 
what their injury might have been. In several places examined south 

of Race Track the soil that had been irrigated by Deer Lodge River 

water appeared to be injured, especially near the irrigation ditches. 
This injury was shown by bare spots in various fields, such spots often 

showing a blue-tinted crust that evidently contained copper. This 
was especially true in fields along the river in the vicinity of Race 
Track. Beyond this point no serious injury to the few trees remain- 
ing was noted. The crops of alfalfa, potatoes, clover, etc., examined 
beyond Race Track did not show any evidence of having been at- 
tacked by smelter fumes. 

A trip was next made from Anaconda along the western side of 
Deer Lodge Valley until Lost Creek was reached, the valley of this 
creek being followed for about 7 miles. Samples of cattle-food 
materials, soils, and foliage were collected and observations were 
made on the general appearance of the vegetation. In Lost Creek Val- 
jey the junipers were absolutely uninjured, and the lodgepole pines 

were badly injured at the lower end of the valley, but the damage 
gradually grew less until it became practically insignificant at a dis- 

tance of about 5 miles up the valley. Throughout the entire 7 miles 

f the valley the red firs were almost all killed, although an occa- 
sional live one, or a group of them, would be found. 
A trip was made from Anaconda along the western side of Deer 

Lodge Valley until Modesty Creek was reached. The valley of this 

creek was followed for about 5 miles. Samples of cattle-food ma- 
terials, soils, and foliage were collected and observations were made 
en the general appearance of the vegetation. The lodgepole pines 
throughout this valley were injured to only a very slight degree, this 

dis:ance evidently being near the extreme limit of injury for this 
species of tree. About 50 per cent of the red firs were dead or badly 
injured and those remaining did not appear to be healthy. 

Another excursion was made from Deer Lodge up the valley of 
Tin Cup Joe Creek for 2 or 3 miles. The lodgepole pines were un- 
injured and reforesting was taking place. The red firs were hardly 
touched, only the older ones showing any injury at all, while young 

red firs were rapidly springing up. On the whole it appears that 

this valley is beyond the limit of injury to lodgepole pines and at 
the extreme limit of injury to red firs. 

EAST OF THE SMELTER. 

The only trip made to the east of the smelter was in connection 
with the return trip from Deer Lodge, already described. As far as 
the wriier examined east (which was to J. R. Perdee’s place, a dis- 
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tance of about 6 miles), the few trees and crops that existed appeared 
to be considerably damaged. It is possible, however, that this was 
due partly to lack of attention on the part of the ranchers. No at- 
tempt was made to examine the mountains on the east side of the Deer 
Lodge Valley, as it would have been impossible to tell whether any 

injury that was found was due to the smelter at Anaconda, or to those 

in the vicinity of Butte. | 

SOUTH OF THE SMELTER. 

Going south from Anaconda, a trip was made along the road which 
first runs to the east and then turns southwest until it crosses the 

divide. The point reached was 9 or 10 miles southwest of the smelter 
and about 2 miles beyond the divide. , Samples of soils and foliage and 

dump and slime samples from the smelter were collected, and observa- 

tions made on the general appearance of the vegetation. Three miles 
south of the smelter the trembling aspens were badly injured, spots 
appearing all over the leaves. Four miles south some of the lodgepole 
pines were dead, while the remainder were badly injured; practically 
all red firs were dead. Five miles southwest of the smelter the lodge- 
pole pines were damaged less, but still showed injury to a considerable 
extent; again, the red firs were practically all dead. For from 6 to 8 

miles southwest of the smelter, to the divide, the lodgepole pines were 
living, but most of them showed more or less injury to the ends of 

needles; again the red firs were nearly all dead, or seriously injured. 
Two miles beyond the divide the forest did not appear to be damaged. 

WEST OF THE SMELTER. 

A trip was made in a westerly direction from Anaconda up Warm 

Springs Creek to Silver Lake and back. Samples of cattle-food ma- 
terials, soils, and foliage were gathered and observations on the gen- 
eral appearance of the vegetation were made. None of the junipers 
observed on the western trip were injured in the slightest degree. 
The lodgepole pines were all killed in the vicinity of the smelter, but 
the injury to this species gradually grew less, until, at about 10 miles 
west of the smelter or slightly beyond this, it ceased entirely, and 
beyond this point they were apparently uninjured. The damage to 
red firs was exceedingly great for a distance of 13 miles west, grad- 
ually growing less beyond this point, until on the shore of Silver 
Lake, 15 miles west of the smelter, it apparently nearly ceased. (Sce 

Ris. yikand: Visti) 
On the whole it may be said that the injury to red firs around the 

Washoe smelter extends for a distance of about 15 to 20 miles north, - 

an indefinite distance east, 8 miles south, and 15 miles west. The 

injury to lodgepole pines, however, only extends for a distance of 

9 to 10 miles north, an indefinite distance east, 8 miles south, and 

about 10 miles west. 
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SULPHUR TRIOXID IN THE FOLIAGE OF TREES AROUND WASHOE 

SMELTER. 

The samples of injured foliage near the smelter and of uninjured 
foliage of the same species of trees beyond the apparent range of 

smoke damage, collected on the trips enumerated, were examined for 
sulphur trioxid and ash and the results were compared, as in the Ten- 
nessee investigation. The soils beneath the injured and uninjured 
trees were examined for sulphur trioxid, to determine whether any 
increase in the sulphur trioxid of the injured leaves could be due to 

an increased amount of this constituent ‘n the soil. In the following 
table are given the results obtained: 

Taste ITT. Sulphur trioxid in foliage, in ash, and in soils around Washoe smelter. 

{Calculated to dry basis.] 

NORTH OF SMELTER. 

Ash in Sulphur trioxid— 

Serial rene Location and approximate leaves —— ————— -- 
No. Description of sample. distance from smelter. and 

needles. In leaves.| In ash. In soil. 

, Per cent. Per cent.| Per cent. Per cent. 
4153 Foliage, injured red | 5 miles N, 23 miles up Lost 4.39 ita Gl OO Nees ee 

(fir: | Creek Gulch. 

4879 Foliage, uninjured red, 18-19 miles N, 13 miles up Tin 4.52 84 TSN. Na wee os 
fir. i Cup Joe Gulch, seemingly 

| | beyond range of damage. | | 
4882 |... “(ead Are ee ee eee oC ee ee 1. Sear 4.57 86 18 804s ses 

Average.......- | eee Sector aed py nS ecto ctt ec tiin ee 85 13.704 2282.8 = 

pane caibenciply Ng Ss, bee tA eee) ee a 8 [PRR ee re ee 
4883 | Soil beneath No. 4879. _..-_-- RSE Seen = (Sette ase Sere eed pee me 33 .02 
ASS sam OOUECHeH LMWNO: 48822) 2 «26 oa> a5 fae Boas See ee ee oe err etl SESS SEP : .013 

| | 

| | | 

4154 Foliage, injured red 5 miles N, 23 miles up Lost | 4.43 125 Pico ar A ae al 
eee Creek Gulch. 

4879 | Foliage. uninjured red 18-19 miles N,1} miles up Tin | 4.52 cd are wipresk soe 
firs | Cup Joe Guich, seemingly 

| beyond range of damage. 
ABS? |S oe = CGE <1 ee seer Neos GO nese teens So see eee sce 4.57 86 NS SP nto oe eee 

Pyerage: —.. <2... ee PCE aaa ene ae ae ESSae oe 85 oh le earn ee 

aige.| Soiltbenenth No. 4154 ).- | 2 Los.) Sick. ie... 2tk.- Cae eee ~ Pee 
AS Soa MOM UNCHEAEO ENON ase le ee oe skeet ee Pay Roy se oe a fice Sheree 4.2 .02 
Bisex eps rGvll'| DSSCVeeM LOL IS ICy Uk ots yOeR ae een ee a i Se ee a i ee (Ake ee .013 

4222 Foliage, injured 10miles N,3 milesup Mod- | 2.61 AT 13Q. 1 48 eee 
lodgepole pine. esty Creek Gulch. 

4877 | Foliage, uninjured | 18-19 miles N, 14 miles up Tin 2.45 .49 20.00. Se See 
lodgepole pine. Cup Joe Gulch, seemingly 

beyond range of damage. | 
ASTS* |e a: ae ae ee et ean eee COR re ree Bn ace 2.87 61 AE ea SB ate 

Average....:... Nets OM ie ote ints ne bee Kee Ae eae 55 oy Oy ti 

4168 | Soil beneath No. 4222 .|..........2.2.-.2e-eeceeeeee+e- eae oe es ae “15 tongs 
SHOU ERRAND aa Ic R/S ER OP a ee re |e ee Pee Cee ll ; 

Be ee ee ce pute 
4223 | Foliage, injured) 10miles N, 3 miles up Mod- 2.82 | 74 26:29 eee 

| lodgepole pine. esty Creek Gulch. 

4877 | Foliage, uninjured | 18-19miles N, 1} miles up Tin 2.45 | 49 UTD Be eee 
lodgepole pine. ° | Cup Joe Gulch, seemingly 

beyond range of damage. 
AST Slee. Os 8 et ere GUC: AHS ee ee a ae a 2.87 61 2.26: )) ee 

Poli Cey i Ne4s gage al | a he SEI SS a a) 20.63 fr yaes 
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TABLE III.—Sulphur trioxid in foliage, in ash, and in soils, etc.—Continued. 

NORTH OF SMELTER—Continued. 

Ashin Sulphur trioxid— 

Serial Ain Location and approximate | leaves 
No. Description of sample. distance from smelter. and Ten cae) ra iS 

niecalos: .| In ash. In soil. 

| | Per cent. | Per cent.| Per cent.| Per cent. 
4168 | Soil Denese Ne: AOD Bie) = aeieccs 8 cis eos Us OE oro eet tee cee ee ee SAE | reer | tee 0.02 

Soil beneat COC CCHIT FO [Peer ieee ICMR ES ORY a A A | 
sce3 {Soil Pendath NoW4s7e40 me Lee i Se eee 02 

49°5 | Foliage. injured red | 10 miles N, 3 miles up Mod- 4.85 1.04 2044 les es 
fir. | esty Creek Gulch. 

4879 | Foliage, uninjured red | 18-19miles N, 1} miles up Tin 4,52 84 Meats ie se cdomace 
fir. Cup Joe Gulch, seemingly 

beyond range of damage. 
4882 |._._. C0 Wo Repeats ears ee Pel ho ee COME antes eee 4.57 86 WSSS2i Ae pee eee 

Average. Sa es (ee ee a Syd te Ps nN ee 85 TSS 2O)y Pert Sees eae 

A168: | Soilkbenoath: Nowsoond |. Se ie ee elec ely eee eee nee “ee ee 02 
ASSSAICS Olle DEMO a TIN INO. 4849 eae ae pases cys eee es |e eee P| peer stan |e reecen eR a 02 
ABSA ES Ole bemeast NOs 4SS2 a tee eae nc pee ae meet etre ae re tc pe tp eee UT 2 cee .013 

4296 | Foliage, injured red 10 miles N, 3 miles up Mod- 4.73 . 90 1903025 ese 
fir. | esty Creek Gulch. 

4879 | Foliage, uninjured red ; 18-19 miles N, 14 miles up Tin 4. 52 84 185080 se se eee 
fir. Cup Joe Gulch, seemingly 

beyond range of damage. 
4882 |... .2. CLO pete Bete ele cesar pal (nae GOL eet ee oe eee ee 4.57 . 86 PSA S2Ii tases eee eee 

PANG) d2l Sd ero pe ates eee IE Tee Coe Cee pcm Cn harap ae -85 TSO 5 seme 

MTG F SSeS Kay tal Os) are Al CVEIN Oar. De Ghee oe nee aa Shed \ SoReal bis Cape nels Gace sEmBallodoosobdes . 02 
4883: |S oilbeneatheNo; 48792) sac ke sic ee ee ae iwi ete ee eee aay | eee ee . 02 
A884:|-.S ol beneath NO wASS2 a Sas oe 2 oe ree esp te ese re ee a eer srt tes Sie rel eos ee . 013 

SOUTH OF SMELTER. 

; | * |Per cent. Per cent. |Per cent. |Per cent. 
4070 | Foliage, injured lodge-| 4 to 44 miles a little W of S.. 3.17 | 0.95 S000 h Raa aeee 

pole pine. Las 

: Res 10 miles SW; 2 miles beyond 5; 
4080 1) Foliage, uninjured dicidemiceerain 2. 68 5l 19°02 [eee a8 ; gly beyond ae 4081 lodgepole pines. range of damage. 2. 69 3183 a7 Ny. Pale daeases Aa 

SSS —— Bite 4 
PAVE TANS CH calomel rere este reteset ge eee vaietis ame ae cenaeaee te .62 23ifHE 

416M SSoilsheneathsNors0 nO a. es eee ae sl secre eee, |e te ererah | ere ee eee oe | ee het 0.03 
4163 WSO ber |astiha Nios AOS ON ess aR EE rk pha es | gro ee | 02 

WS Olsen Cast hisINiO 7408 Moe Pet a2 ans ae x NSE Fe Sytner [lc | Ps ee , 

4071 | Injured Jodgepole pine} 4 to 44 miles W of S.......--- 2.69 76 28220) | hee ee 

. eae 10 miles SW;2 miles beyond 2 
4080 i eoliaee, uninjured | Him riae Moe manislec becend 2.68 1 TOR OSH Ease eeee 
4081 { lodgepole pines. Fave Bidannace y 2.69 8 Dn Wda| «een 

IAW OTAGO) Bi sh. GW al SSG ets Tel Se ee etal a eae re 62 2309/4) ees 

AVIS sSoilhbenea tine aNio 4G heey ee srs See te esas ere eesti Ss ere Sec eee ae | rey ee ene .03 
4163 Soil beneathaNio’ 4080s ia ok ene ee ake ae eae | erp trees ced | ae ey ae | gece ae \ 02 

INSoil* beneath Noy-408b ale a. eee ee ee te Se I oreo |e peroneal ree en ; 

4074 | Foliage, injured lodge-| 5milesSW.......------------ 3.51 82 OBESOulte 2 eee 
pole pine. aaah a A —— — | — 

: en 10 miles ; 2 miles beyon 
4080 ese uninjured | dimidateccomunele .68 OL 198033 soe eee ee y sou | : gly beyond | 
4081 lodgepole pines. range of damage. 2.69 73 Dili VA eran, aaoea eee 

DANOTAEE ® who oe ok ll See tine, a os co ceictere eal years eer Ee eee .62 23095 eae eee 

4162 poll WeMea tH NOs AO Ta ech ce ees ae aN ae ee area |e a eee .02 
lif Soil beneath INo@; 40802) «2: fase Ne etecs ces Shas Se ee eer | eee reece lle merece ores | eee neneees 

4163 {Soil beneath Nos408lalscse te ee ee eB ree ars crolll eee ects eee eee \ 02 

4075 | Foliage, injured lodge- | 5 miles SW.......----.--.----- 3.43 1.02 Hole) \eeseocens= 
pole pine. 

F rau 10 miles SW; 2 miles beyond | 
4080 || Foliage, uninjured dia ouce oni 2.68 yO 1903s aes : | : gly beyond | 
4081 |f lodgepole pines. ‘| range of damage. | 2.69 73 Dial AG © eae cones 

SA VOLTA ON. ales lie Re ee ree meade aac Sylva eu NE ee aaegeae . 62 23809) Shea ae 
—— ——— 



TABLE III.—Sulphur trioxid in foliage, in ash, and in 
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SOUTH OF SMELTER—Continued. 

soils, etc.—Continued. 

Soil beneath No. 4084. 

Ash in Sulphur trioxid— 
Serial coal Location and approximate leaves ia = 

Description of sample. | F | - No. distance from smelter. and : P | _ needles. jin leaves. In ash. | In soil. 

Per cent. Per cent.| Per cent. | Per cent. 
= iFe Vio EN CEE REM. (920078 i A pm ey Mee LO op ce es ae | 0. 02 
4162 {oil EMSA I ISO eos. 02 eo Sains etl ea eS a see ae see ey eae | 02 

MS OUpen eau INOS AUS as et. oe oe nn Noe ie eee |e tot eal soca olen eee j : 
| 

4077 | Foliage, injuredlodge- 6 miles SW...... ee ol 2.53 | 0. 90 "S597 ee 
pole pine. 

et ee as 10 miles SW; 2 miles beyond 3 
4080 mee pee | divide, seemingly beyond | s i ES a “ rae <6) 
4081 | id glee bean ae range of damage. . : ad ct gt = 

J ENS 2 ap 2 id Oh = eee geet ie ae) baie i Seas 62 23) 09! to eee 

SUE DEVENS OBI 17/5 bet le ie ale ls i ee Se ee Ps eee 
JS eumentea Lia NONIUSOs Ames sees 228 ee eee ees. i ee eo cf Ne ee | 
US CN CSET pe io | oS See ane eee eee eee eee ieee ees eee ene ae enor ee 

4078 | Foliage, injured lodge- | 6 milesSW................-- 2.54 59 2393. nee 
pole pine. | 

(ae Ee 10 miles SW; 2 miles beyond ; 4080 Hebeeres uninjured | =e ioe: : 2.68 | 51 19:03; (2. eee : | divide, seemingly beyond | es 
4081 J lodgepole pines. | range of damage. | 2. 69 | ni 212, 14.\.2 22 

Average.......- Fail es Ses eee Ores 62 23.00 |}. 5. ee 

GadienentiMo aia ioe © fast Nee, (Cee re ee 
POUMCHCATH TINO. SUSU oe 8 tee ook eee ee 
| Soil beneath No. 4081. .|.......2...... Neen See Ue ier ae iy ae mecca apr fea brig = | 

WEST OF SMELTER. 

| Per cent.| Per cent.| Per cent.| Per cent. 
4089 | Foliage. injured lodge-| 6 miles W..................- 2.91 0.75 SS iif Pee ne 

pole pine. 
4152 | Foliage, uninjured | 15 miles W; shore of Silver | 2. 61 - 30 11.49) ee 

lodgepole pine. Lake, seemingly beyond 
range of damage. 

SoUmmeneatlanNi@7A0S9 | Boe sence So nyarncee Boe ae atl Sse c oe Sema ee sal Som ee neal eee 
SON Mea LEN ORAM saben tia oo 8 See tea Ie eos oe lk ea |e oe Se = eo 

os Feinyjprediodge-| GamilesmW. =. 2.2.25 225.5252 2. 68 69 | 7 Ei tad (7s een Se 
2 pine. 

4loz | ge, uninjured | 15 miles W; shore of Silver 2. 61 30 Lit 49), [Ss Pace ea 
iu.igepole pine. Lake, seemingly beyond | 

| range of damage. 
poolubencaLh Or 4000 2-256. 32. a2. ck oe Ses Pete ee ese =p gee a MN Are a ote rE IE 
SOMMBETICHEHRING 4.412 ml ame Se Pn ye AS ee A ot PR en Et ee ea et [es oe 5 oe 

4086 | Foliage,injured lodge-| 7 miles W........-.-.-.-..--: 3.15 53 16083" | Soe ee eee 
_ pole pine. 

4152 | Foliage, uninjured | 15 miles W; shore of Silver | 2. 61 30 ke 3 Pees Soe 
lodgepole pine. | Lake, seemingly beyond | 

range of damage. | | 
ALG SOUNDETEA be N OAOSGa) 092 yah aie ee eoee SS se el Eee Saree Be lee seieeero ae 0. 02 
AIGoMe SS OUEbeHeA DAN Oral oe ees. .e eee he te ts eee eee EE ea te dy eee Se Ro . 02 

} 
4087 | Foliage,injured lodge-| 7 miles.W_..............-..- 2. 91 68 23: Of See oe 

pole pine. - 
4152 Foliage, uninjured | 15 miles W; shore of Silver | 2. 61 30 V9. 4G lee ee 

lodgepole pine. Lake, seemingly beyond | 
range of damage. 

Soi WemiDeneg tl: NOs 4081.) 005. So ao. ok 2 oe ot ek eee sa Mer een aU .02 
AGO AOU ICME DTT NG kao see ei et fare ee NS Ne hana Saf. ctw eee [oe ceoeeens .02 

4082 BehaeS injured) red! |\ Piemiles Wee oes Ye Se 5. 53 | 1.30 | ET I) RSM te eh 
i : 

4084 | Foliage, uninjured | 15 miles W; shore of Silver 5. 56 | 82 Ni HE dry faeaaen ce ee 
red fir. Lake, seemingly beyond | 

range of damage. 
eiboe hj) istonilitiyerater ya Giese). 2 O52. [Soak es Sa ee eee ee Re eS eee .02 
ATG He BS OUC DON OS Lie CeO aie ae eee te er, AS eat oe cnn Onl cis wom wewc|ena anes Sam . 02 

2 | 

4085  oaee Myuredo red. |, VowMMes We <2 ae 8 ee sw x 4. 50 | 1.03 | pa) at gh iene ee 
i 

4084 | Foliage, uninjured | 15 miles W; shore of Silver 5. 56 | 82 ik yg Se a 
red fir. Lake, seemingly beyond | 

range of damage. | 
Sinema ARISE AUD RD een oe ee SS ell oe aw emis ao Sew Sec fen tans ae cesion osama 

pated Pet temeattr Nagmiee te ee lL Pee i Rete pe a ae 
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In the preceding table, with possibly two exceptions, the soils near 
the smelter contain practically the same amount of sulphur trioxid 
as the soils farther away, apparently beyond the range of smoke 
damage, so that in comparing injured with uninjured trees, the soils 

in which they grew need not be considered as a factor. 
Of 18 comparisons of injured and uninjured trees it will be noted 

that in 16 cases, or in 89 per cent of the examinations made, the sul- 

phur trioxid content of the injured trees is larger than that of the 
individual uninjured trees, and also exceeds the averages for the un- 
injured trees of the same species situated beyond the range of signifi- 
cant damage. In 17 cases, or 94 per cent of the examinations, the sul- 

phur trioxid content of the ash of such injured trees is larger than 
the average sulphur trioxid content of the ash of similar uninjured 
trees situated beyond the range of significant damage. In only 15 
cases (83 per cent of those examined), however, is the sulphur tri- 

oxid content of the ash of such injured trees larger than both the 
sulphur trioxid content of the ash of the individual uninjured trees 
and the averages for the same. | 

In a northerly direction, in 83 per cent of the cases examined, both 
the leaves and ash of the injured trees contain a larger percentage of 
sulphur trioxid than the leaves and ash of the uninjured trees, both 

as regards individual and average data. 
In a southerly direction, in 83 per cent of the cases examined, the 

leaves of the injured trees contain a larger percentage of sulphur tri- 
oxid than the leaves of uninjured trees, and in 100 per cent of the 

cases the ash of such injured trees contains a larger percentage of sul- 

phur trioxid than the average ash for the uninjured trees. In only 
67 per cent of the cases examined, however, does the ash of the injured 
trees contain a larger percentage of sulphur trioxid than that of both 
the individual uninjured trees and the averages for the uninjured 

trees. 

In a westerly direction, in 100 per cent of the cases examined, both 
the leaves and ash of the injured trees contain a larger percentage 
of sulphur trioxid than the leaves and ash of uninjured trees. 

Since the above discussion shows that the trees around the Washoe - 
smelter are evidently injured by sulphur dioxid, it becomes necessary 
to prove that this compound is given off from the smelter. Several 

samples of ore from mines that supply the smelter were examined and 

the following amounts of sulphur were found: 

TABLE LV.—Sulphur content of ore samples. 

Sue ye Name of mine furnish- : Name of mine furnish- | 
Serial No. ing ore. Sulphur. Serial No. ing ore. Sulphur. 

Per cent. | Per cent. 
ADDS Witt Ae Ree Speculator = ON PSO EM a DAS lates ae eae se Never Sweat_._---.--- eee ZOESS 
EG Ieee on eee eo RE (6 (0 ast Ht hee es ee | LOE Ts |—4 2622 Sees es Danone 24.31 
45 O0s ee eee Parrot eee DRED MAS) (A ean een Anacond aaa saan ees 29.85 

AIG we SSE EEE dos: Soe Beret: 
| 
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It is a matter of general knowledge that a large percentage of the 
sulphur in the ore is given off as sulphur dioxid in the usual smelter 

operations. If the ores given in Table IV are fairly representative 
samples of the material smelted at Anaconda, and if 8,000 tons of 
ore are handled each day, it will at once be seen that a tremendous 

quantity of sulphur dioxid is discharged into the atmosphere. Har- 
kins and Swain ¢ have studied the composition of the smelter smoke 

from the Washoe smelter and found that the average amount of 

sulphur dioxid and trioxid given off per day is 4,686,000 pounds and 

447,600 pounds, respectively. Unfortunately these authors do not 

give the composition and quantity of the ore smelted during the time 
that the experiments were made, so that it is impossible to calculate 
what percentage of the sulphur present in the original ore was dis- 

charged through the stack as sulphur dioxid and trioxid. 

INJURY TO CATTLE BY ARSENIC IN THE VICINITY OF THE 

WASHOE SMELTER. 

A claim made by the farmers, which required investigation, was 
that enough arsenic is given off from the smelter to settle on the sur- 
rounding forage crops and so poison the cattle. To determine this 
it 1s first necessary to show that the ores reduced at the smelter con- 

tain arsenic. Examinations of several samples of ore from mines 

which partly supply the smelter gave the following results: 

TABLE V.—Arsenic content of ore samples. 

| 
E é Name ote mine etarnigh:| | Metallic | : ; | Name of mine furnish-| Metallic Serial No. icsore? arcane Serial No. | ing ore. | arsenic. 

Per cent. Per cent. 
ADE Thy ees 3 Speculator.--- =| ZOD PAD Ges eae Bee voc Never S'weat__...____- 0.45 
WAGE RSs ed cad oe | eee ( (Oi ae See | 2s | Avon aan ee es DT AIM OMG eee 1.17 
ADD Oras oe ae PariOtaed = a eae ay Ue tie: OG): baer Ansconda 22223 None. 
TAG" | oe Spee (0 eating ee aa 45 

If we reject the first saniple in Table V as exceptional and consider 

the other ores as representative of those received at the Washoe 

smelter, it will be seen that such ores contain 0.85 per cent of arsenic. 

At this rate, if 8,000 tons of ores per day are smelted, 68 tons of ar- 
senic enter the plant each day and, according to the officers of the 

smelter, only 2 tons of white arsenic are recovered daily. This, 
of course, dees not mean 2 tons of metallic arsenic, but for conveni- 

ence in discussion, it will be considered as such. There remain, there- 

fore, 66 tons of arsenic to account for, which can only escape in a 

volatile form in the fumes, or be carried off in the tailings and slag. 

A determination of arsenic was made in two samples taken from the 

dump in which 0.11 and 0.07 pane cent were found, or an average of 

@ J. Amer. Chem. Sack 1907, 29: 970. 
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0.09 per cent. It is evident that the amount found in the dump 
can not account for the 66 tons of arsenic that go to waste; hence 

a considerable quantity must be volatilized. According to the inves- 
tigations of Harkins and Swain, previously mentioned, the average 
amount of arsenic trioxid thrown off in the smoke during twenty- 
four hours is 59,270 pounds. Here again, however, as in the case of 
the sulphur compounds, the quantity of ore used was not given. 

It is next necessary to show whether or not the escaping arsenic 
settles on the surrounding forage crops in large enough amounts 
to be injurious to cattle. For this purpose 20 samples of range grass 
and such cultivated crops as alfalfa were collected at distances vary- 
ing from 1 to 10 miles from the smelter in various directions, but 
more especially down the Deer Lodge Valley. These samples were 

examined for total and soluble arsenic. The results obtained, caleu- 

lated to a dry basis and expressed both as milligrams of arse ious 
oxid per gram of sample and grains of arsenious oxid per daily ration 
of 25 pounds, are given in Table VI. 

TABLE VI.—Arsenic content of forage expressed as arsenious oxid. 

[Caleulated to dry basis. ] 

Water-sol- 
hier Arsenious |. Water-sol-|uble arseni- 

Approximate | eae Oxid per 25|uble arseni-| ous oxid 
Serial al rip distance and di- = a‘ pounds av-| ous oxid per 25 
No. DES Duo Gus Seva ee rection from | era ee oirdupois | per gram pounds 

smelter. ‘ple of dry of dry avoirdu- 
| a ration. sample. pois of 

dry ration. 

| Milligram.| Grains. | Milligram.| Grains. 
ee es| Bunchrsnasss=s 2 = seen armies eae | 0.103 18.0 0.683 14.5 
AT0GSS2S AN alli ay eee tee eee 2% miles N__-_-_--. -069 IPs .041 CS? 
ALi h22- | SPASbUneNeTASSe se SenileseNe ese = - 069 WI 028 4.9 
ANN x = Sl) IRENE. (ei Ses ee a Terese doe =e 054 9.5 .034 6.0 
A622 Pasture grasses sesso | 4 miles N., Lost 041 ee, . 020 300 

Creek. 
AiO; tae |eRed topes = ee ae | 4 miles NE__.___ 028 4.9 014 2.5 
4118____| ClO Versa: see Beare [tee ee LO) =. ee 054 9.5 .028 4.9 
AMG? =o S| FRANSES EASS ee epee ea eee Oa eee .090 15.8 .020 3.5 
4120____| Alfalfa and clover (just | 43 miles NE____- .0a4 9.5 .020 3D 

cut). | 
ALOSSEE Red ito press ae eee eet ane ' 5 miles NE____-. .055 9.6 028 4.9 
AN ieee VENT e OF Oras Sires = ian ENG] Gee ee .090 15.8 .069 a bae | 
ANOS Se ee Gotiat esa Sari eee (osmTlespNpE aie . 104 18.2 | O41 Gare 
CM DAS oe area CORSE oe ok ers Salts SannillesNewe sees .055 9.6 .028 4.9 
All Q9 Beara te Alia lia leis ee ge aiereeines ake 10 miles NE____- .070 1WDes} 042 7.4 
ICH ESEE SIT RYeVO HO) Dare ee Wak sony) Sp 069 WOT O41 ev 
AMIGA LE IBN TG Mua A eS S3 oo ese .042 7.4 . 020 one) 
ANI O25 SHIelGs Sassi ee (Sales, Je .055 9.6 041 CZ, 
Ale t== py Pay Se SS eee in eee [ove te Goss siete O41 ars .028 4.9 
(NBs late nave fees ee = A | 4 miles W__---_- 055 9.6 -028 4.9 
AUG Selly JeyonaVOlol feenisce Sak Ee | 63 miles) W2s2 = - 055 9.6 .028 4.9 

a Supposed to have killed cattle. 

Irom this table it is seen that arsenic was found in considerable 

quantities in every sample examined. In order that the cattle in this 
region may live at all it is evident that they must become confirmed 
arsenic eaters. Through the courtesy of Dr. D. E. Salmon the writer 
was able to examine microscopic sections and gross specimens of 

the viscera of a number of cattle that it was thought had been killed 
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by eating forage containing arsenic. It was noted that the gastro- 
intestinal tract was inflamed and sections of the glands of the stom- 
ach and kidneys showed a desquamation of the epithelium, cloudy 
swelling, and in some cases fatty degeneration. The symptoms de- 

scribed by the farmers include inflammation of the mucous membrane 
of the upper air passages, running from the nose, diarrhea, thirst, 
emaciation, and incoordination of gait. From the above symptoms 

and post-mortem appearances, together with the amount of arsenic 

found in the various forage plants, there can be but little doubt that 
the cattle were killed by arsenic.* 

Togive some idea of the distribution of arsenic on the soil in the | 
vicinity of the smelter, samples were taken to a depth of 2 inches 
at varying distances from the plant. Since it might be claimed 
that any arsenic found in these samples was naturally present in the 
soil and did not come from the smelter fumes, similar samples beyond 
the apparent range of the smelter smoke were also taken and ex- 
amined for arsenic. The results obtained are given in Table VII. 

TABLE VII.—Arsenic content of surfece tico inches of soils, expressed as metal- 

lic arsenic. 

[Calculated to dry basis. ] 

j | f 7 
Arsenic Arsenic 

in in 
. ae surface an : surface 

Serial | Approximate dis- Arsenic per} two P Approximate dis- Arsenic per two 
Serial tance and direc. gram of | inches¢ Serial tance and direc- eran of | duchess 

se ae oa dry soil. | ofsoil | No. pe from smel- dry soil. of soil 
. : J per j . 

per 

| square square 
| foot. foot. 

shee | Milligram.| Grains. Milligram.| Grains. 
atjG= >| 2 mates N_-= =f 0.50 | AN Del 49795 = oamiles- =. 0.20 16.1 
AIGOL =I 3 Wiles N= = == 30 | PAPI 4070 106 miles) E25: .08 6.4 
oe pie nee EE Bae Abed ee — dO ee 08 6.4 
4173____| 4 miles NE ns A, -20 | 1B ato 4 miles We 30 24.1 
4180___-| 5 miles NE__-_____ 30 | 24 AN 7 5-2-1, 6GEmiles W2-- 5 =— -25 20.1 
4174 ___| 6 miles NE________ -30 | 24.1 | 4165 LS miles: Wes None. None. 
es space ts ee eee -08 | 6.4 | 4163_-_| 10 miles SW__--_-- None. None. 

{22-25 amie S BS. 00 | 40.2 | 

Ss orleans on the basis of 69 pounds as the average weight of a cubic foot of surface 
soil. 

. 
From this table it is evident that the surface 2 inches of all soils 

examined in the vicinity of the smelter, at distances varying from 1 
to 8 miles, contain large amounts of arsenic. It is also shown that 
this arsenic must come from the smelter, since the two soil samples 
taken beyond the apparent. range of smelter smoke do not contain 
any arsenic. 

“One of the pathologists of the Bureau of Animal Industry, U. S. Department 

of Agriculture, made a very thorough study of the post-mortem appearance of 

cattle in this region, and will give the results of his work in the near future, 
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INJURY TO CROPS AND SOIL BY TAILINGS AND SLAG FROM THE 

WASHOE REDUCTION PLANT. 

The third question calling for investigation was whether the water 
from Deer Lodge River, when used for irrigation purposes, has an 
injurious effect on the crops and the soil. It is evident from an in- 
spection of this stream that tremendous quantities of waste matter 
from the plant find their way into it. It is also evident from the 
method of operation that these waste products must contain some 
copper which is, to a large extent, present as finely divided copper 
sulphid, which is known to form soluble copper sulphate naturally 
by gradual oxidation. It would be expected, therefore, that if this 
material were deposited on the land it would gradually oxidize to a 
soluble form, in which condition even very minute quantities of it 
would be more or less injurious to vegetation. It has been urged 
that even if soluble copper were found in the Deer Lodge River and 
subsequently on the land it would be immediately rendered insolu- 
ble again by the action of carbonates and bicarbonates present in 
the water and soil. On the surface this seems plausible. Skinner,“ 
however, has shown that such is not the case, as when soluble copper 

salts are brought in contact with solutions containing carbonates 

and bicarbonates, enough copper still remains in solution to be toxic 
to plants. 

Samples of the waste water from the plant, and samples from the 
Deer Lodge River just below where the waste flows into it, and at 

various distances farther down, were taken and the insoluble copper 

present was determined with the following results: 

TABLE VIII.—Copper content of irrigation water samples. 

Seria Location and approximate distance from smelter. Bae nek once 

Parts per | Parts. per 
million. million. 

APAG=a= 2 WidSGC: SWidi GOT Oils YSTIVC IE Cy ee a eee ee ee 31.0 0.05 
4244____| Deer Lodge River, 14 miles below entrance of smelter water__—- 2.1 S00 
4240____| Deer Lodge River, 6 miles below entrance of smelter water_____- 1220 ae 
4241____| Deer Lodge River, 8 miles below entrance of smelter water_____.. 6.4 a 
4242____| Deer Lodge River, 10 miles below entrance of smelter water_____- 6.6 Trace 
4243____| Deer Lodge River at Deer Lodge, about 16-18 miles below en- 

tranceroL smell termw a teria ee ees oe ee Se ee ee Boll ol 

It is evident from Table VIII that the plant discharges large 
quantities of copper into the Deer Lodge River and that, even at a 
distance of 16 to 18 miles below the point where the tailings are dis- 
charged, a considerable quantity of copper is still present. 

It has been proven by Heald ” that seedlings of the ordinary garden 
plant Piswm sativum are killed by the solution containing 1 part of 
copper in 404,423 parts of water and that Indian corn (Zea mays) 

“4 Copper Salts in Irrigation Waters, J. Amer. Chem. Soc., 1906, 28: 361. 

> Bot. Gaz., 1896, 22: 125. 
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seedlings are killed in a solution containing 1 part of copper per 
808,846 parts of water. Johnson, in his work entitled How Crops 

Grow, says: * The soluble compounds of copper, arsenic, and lead 
are very injurious to plant life, unless very highly diluted.” Other 
plant physiologists in their works confirm Johnson’s statement. 
Harter“ says: “In the case of many plants one of the most toxic 
substances known is copper, and it is more than likely that it is 
present in much of the water which experimenters have found to be 
injurious. Coupin states that one part of copper to 700,000,000 of 
water is sufficient to retard the root growth of wheat seedlings. A 
mere trace of copper is sufficient to retard growth in many cases.” 

The writer is now conducting some experiments to determine what 
amount of soluble copper in soils is injurious to the growth of certain 
plants. The work has not yet been completed, but the preliminary 
data indicate that the growth of wheat and rye is interfered with by 
the presence of 2.1 parts of soluble copper per million parts of earth 
in one soil and by 3.5 parts of soluble copper per million parts of 
earth in another soil. . 

It would appear, therefore, from these data that the Deer Lodge 
River, even at a distance of 16 to 18 miles below where the tailings are 
discharged, is not fit for irrigation purposes, and will eventually, if 
not at once, seriously injure land to which it is applied. 

It has been suggested that the Deer Lodge River already contained 

so large a quantity of alkali salts that it was injurious to soil and 
crops, even if the smelter wastes were not present. To determine 
this question, a sample of the water was subjected to an irrigation- 
water analysis with the following results: 

TABLE IX.—Composition of Deer Lodge River water (Serial No. 4244) about 
1.5 miles below where smelter waste enters. 

Determinations. Hypothetical combination. 

: a 

Parts per Parts per 
million. million. 

Bicarponic Acid 10n 24 = 5 Foes ees 2 78.73 || Calcium bicarbonate_________________ 104.59 
SIC, ACIG 10M ea es es 222i || Galen sil plate? soe <= 2. ote ee 138.00 
@hionn= =—- 2... , Se Spano 2 See Se sees 19.00 || Magnesium sulphate__ _-__._-_______ 97.34 
O-TORIG ACIC ION. 222. 8 eee 2 Woue. | Sodium: sulphate--_-=- ee 69.93 
“CE OTTER ee a Pee eee Pe Se ae 66:49 || Sodium chiorid. <2 31.35 
LEWC ety) O CEE Ce eel ee ee 19.69 
SUR 8 ee eee 35.03 

dey) AS See Ss a es 441.2] Topstl eae ee Bee 441.2] 
| | 

This analysis shows that the Deer Lodge River does not contain 
such a quantity of alkali salts as would render it unfit for irrigation 
purposes. 

*The Variability of Wheat Varieties in Resistence to Toxic Salts, U. 8, 

Dept. Agr., Bureau of Plant Industry, Bulletin 79, p. 40. 
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To further prove that the Deer Lodge River water when applied 
to the land adds excessive amounts of copper thereto, the soil irri- 
gated by said water was sampled at various distances from the 
smelter to determine both the soluble and insoluble copper present. 
To further demonstrate that any large amount of copper found was 
not naturally present in the soil, samples not irrigated by the Deer 
Lodge River and not exposed to the action of the flue dust (Nos. 4163 
and 4165) were also subjected to analysis. Following are the results 
obtained by the examination of the samples gathered in the summer 
of 1906: aes 

TABLE X.—Copper content of surface foot of soils collected in 1906. 

[Caleulated to dry basis. ] 

Serial Origin and description of sample. ae ares 

| Parts per | Parts per 
million. million. 

4185____| 84 miles NE of smelter; irrigated by Deer Lodge River___--_____- 1,549.4 20.4 
4183____| 9 miles NE of smelter; irrigated 12 years by Deer Lodge River__ 458.4 3.4 
4184____| 12 miles NE of smelter; irrigated by Deer Ledge River______---_- 1,451.6 118.2 
4182__-_| 12 miles NE of smelter; irrigated hy Deer Lodge River__________- 2,790.8 118.2 
4186____| 14 miles NE of smelter; irrigated 16 years by Deer Lodge River_-_ 870.4 Chslh 
4165____. 15 miles W of smelter; not irrigated by Deer Lodge River_______- Trace. None. 
4163____| 10 miles SW of smelter and about 2 miles beyond divide; not 

| Inne atedishy7 - Dees IbOG ee LUC ea ee el eee 13.0 Trace. 

It is evident from the preceding table and what has been said of 
the action of copper on plants that the soils irrigated from the Deer 

Lodge River contain very large quantities of copper, enough of 
which is in a soluble condition to interfere seriously with the growth 
of many forms of vegetation. It is also evident that the soils beyond 
the range of flue dust and not irrigated by Deer Lodge River water 
contain very small quantities of copper, practically none of which is 
in a soluble condition. 

The analyses given in Table X show such excessive amounts of 
copper in the soils irrigated by Deer Lodge River water that the writer 
was not willing to publish the results until they had been confirmed 
by collecting and examining new samples. The results given in 
Table XI were obtained on samples collected in 1907. 

TABLE XI.—Copper content of surface foot of soils collected in 1907. 

[Calculated to dry basis. ] 

Serial Insoluble Soluble 
No. Origin and description of sample. copper. copper. 

Parts per | Parts per 
million. million. 

4871__--| 8 miles NE of smelter; flooded by Deer Lodge River; no sam- 
plestakenSirom: thisetield sini! 9 0G ama en eee ee 10,018.9 12 

4872__--| 84 miles NE of smelter; irrigated by Deer Lodge River; sample 
LLOM Same tela GNO 41'S) ie Ge kena tne (6 eee ee 979.9 Wail 

4873__--| 9} miles NE of smelter; irrigated twelve years by Deer Lodge 
River; sample from same field (No. 4153) taken in 1906________ 312.9 eee Dit 

4874____| 12 miles NE of smelter; irrigated by Deer Lodge River; sample 
from same field GNoe 41s) etakengin 9062. eee 98.7 24 

4875_---| 12 miles NE of smelter; irrigated by Deer Lodge River; sample 
from same field= (No: 4182)i-taken im 190622222 = eee 624.6 10.4 

4876__--| 14 miles NE of smelter; irrigated sixteen years by Deer Lodge 
River; sample from same field (No. 4186) taken in 1906_-_----- 739.8 5.2 

\ 
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While this table does not give the same results for either total or 
soluble copper as were obtained in 1906, it does show that all of these 
soils contain very large quantities of copper, enough of which is 
present in a soluble form to be dangerous to, if not prohibitive of, 
many forms of plant growth. It would hardly be expected that the 

results obtained on copper, either soluble or insoluble, would be the 
same for any two years, since it 1s very unevenly distributed over 
the field and furthermore is constantly changing in its proportions 
according to the rainfall, irrigation, amount of oxidation, season, ete. 
It would only be expected that any two years would show the same 
general condition, and this is what these analyses show. 

It has been suggested that the soils irrigated by the Deer Lodge 
River are already so alkaline that they are unfit for growing crops, 
and therefore the addition of copper to the soil can not make matters 
worse. To test this point the samples of soils collected in 1906 
were examined for the soluble salts usually present in alkali land 

and a determination of black alkali was made by the Skinner ¢ method 
with the following results: 

TABLE XII.—Soluble salt content of surface foot of soils irrigated by Deer 
Lodge River. 

[Calculated to dry basis. ] 

ACTUAL DETERMINATIONS. 

No. 4182:|/No. 4183:|No. 4184:|No. 4185:|No. 4185; 
Aes, Pe 12 miles | 93 miles | 12 miles | 83 miles | 14 miles 

Constituents. NE of | NEof | NEof.| NEof | NEof 
smelter. smelter. | smelter. | smelter. | smelter. 

Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
eye OTE AC ICIIOTA = = ey Se 0.034 0.101 0.018 0.165 0.107 
Ss ELITE T SOE A101 a ee Se aS ee ee | 355 | -027 197 .832 .031 
CADSR Ti ee eS Se ee ae ae fa BE ee eee -005 -028 - 005 -030 .006 
eae und Ols ee a eS Pe) None. None. None. None. None. 
ST CTE ae ee ee ee en ee .100 -048 .050 215 .034 

PSECU E SS AT he a a a .029 | -012 .012 .079 .0095 
= VU 2 ee i i a oe 2 Ut hy er cece -025 Bs ie (53 .002 

SOT ET) bo orleans SE eye eae ee .009 216 007 1.494 .190 

HYPOTHETICAL COMBINATION, 

enn ICATDONALC 2. 28 Se eee tee 0.045 | 0.134 | G.024 | 0.219 0.137 
Mocneotth DICATDON ALE. =~ 2 = =e = 4 |e, Alen <u ST (cE ae RT pe ae es oT eee .005 
vile 5) TOSS TL Do sa a ee ea a eo .303 038 -149 | eee 
MTC MSNM AN ALeS- =e ee al Ls -059 .390 .089 
ETT ti ee a {Fae Lon ee SOU | ee eee 
Mibctreteintrevad wintiatngs = ec Se ae a ae ee Sa J? 002 
SET ITELCOW SECT O) £6 1 2 A i A cL Ls) aes ae O67 | 5 eee ae 
SUD ELEC RT PWD) Gi Lane lee RR ee ae 008 | ee eee 008 049 | 007 

SERA A poe tas SRY Laas eee | 539 | .212 307 1.494 190 
eee ee a | None | None None None. None 

From these results it is evident that none of the soil samples ex- 
amined contains any black alkali or a sufficient amount of white alkali 
to be injurious to ordinary farm crops. 

4J, Amer. Chem, Soc., 1906, 28: 77. 
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From all the work done in the vicinity of Anaconda the following 
definite conciusions can be drawn: 

(1) The forests around the smelter appear from actual chemical 

analysis to be injured for at least 10 miles north of the smelter, 6 
miles south of the smelter, and 13 miles west of the smelter. 

(2) This injury to forests by sulphur dioxid undoubtedly extends 
to a distance of 15 to 20 miles north of the smelter, 8 miles south of 

the smelter, 15 miles west of the smelter, and perhaps even farther 
in certain localities, although not proved by chemical analysis. 

(3) The junipers are very resistant to smelter fumes and are able 

to grow close to the smelter; the red firs are susceptible to the fumes 

and are badly damaged at distances of about 15 miles or perhaps 
even farther; the lodgepole pines are intermediate between the other 
two species of trees, but show damage for at least 10 miles. 

(4) Large quantities of arsenic are discharged from the smelter 
on the surrounding country, this poison being found in forage crops 
in large enough quantities to poison cattle. 

(5) The waste from the reduction plant discharged into the Deer 
Lodge River renders it unfit for irrigation purposes. 

(6) The land irrigated by the Deer Lodge River, containing the 

waste from the reduction plant, is greatly injured by the copper 
present in the irrigation water. 

(7). The soils irrigated by the Deer Lodge River which were 
studied by the writer do not contain enough alkali salts to be in- 
jurious to ordinary farm crops. 

METHODS OF ANALYSIS USED IN INVESTIGATIONS. 

FOLIAGE OF TREES. 

Moisture.¢ 

Dry a convenient quantity (about 2 grams) of the substance in the boiling- 

water bath until the material ceases to lose weight. 

Ash. 

Char a convenient quantity of the substance, representing about 2 grams, 

at the lowest possible heat. Exhaust the charred mass with water, collect 

the insoluble residue on a filter, burn till the ash is white or nearly so, and 

then add the filtrate to the ash and evaporate to dryness. Heat the whole 

to low redness and weigh. 

Sulphur trioxid.% 

Place from 1.50 to 2.50 grams of material in a nickel crucible of about 100 

ce capacity and moisten with approximately 2 ce of water. Mix thoroughly, 

using a nickel or platinum rod. Add 5 grams of pure anhydrous sodium car- 

@ Official and Provisional Methods of Analysis, U. S. Dept. Agr., Bureau of 

Chemistry, Bul. 107. 
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bonate and mix. Add pure sodium peroxid (approximately 0.5 gram) small 

amounts at a time, thoroughly mixing the charge after each addition. Con- 

tinue adding the peroxid until the mixture becomes nearly dry and quite granu- 

lar, requiring usually about 5 grams of peroxid. Vlace the crucible over a 

low alcohol flame (or other flame free from sulphur) and carefully heat, with 

occasional stirring, until the contents are fused. (Should the material ignite 

the determination is worthless.) After fusion remove the crucible, allow to 

cool somewhat, and cover the hardened mass with peroxid to a depth of about 

0.5 cm. Heat gradually and finally with a full flame until complete fusion 

tukes place, rotating the crucible from time to time in order to bring any 

particles adhering to the sides into contact with the oxidizing material. Allow 

to remain over the lamp for ten minutes after fusion is complete. Cool 

somewhat, place the warm crucible and contents in a 600 cc beaker and care- 

fully add about 109 ce of water. After violent action has ceased, wash mate- 

rial out of crucible, make slightly acid with hydrochloric acid, and filter. 

Determine sulphates by precipitating with barium chlorid in the ordinary way. 

SOILS. 

Moisture. 

Dry two or more grams in a tared platinum dish for five hours at the 

temperature of boiling water; cover the dish, cool in a desiccator and weigh. 

Repeat heating, cooling, and weighing at intervals of two hours, until the mate- 

rial ceases to lose weight. Weigh rapidly to avoid absorption of moisture from 

the air. The loss of weight is reported as moisture. 

Sulphur trioxvid.? 

Digest 10 grams of soil on the steam bath for ten hours with 100 ce of 

hydrochloric acid (sp. gr. 1.115), shaking the flask every hour. Carry on this 

digestion in an Erienmeyer flask, provided with greund-glass stopper ending in 

a reflux tube 20 inches or more in length. Remove from the bath and allow 

to settle. Decant the solution into a porcelain dish, wash the insoluble 

residue onto a filter with hot water and continue the washing until free of 

chlorids. Add the washings to the original solution, oxidize with a little 

nitric acid and evaporate to dryness on a water bath. Take up with hot water 

and a few cubic centimeters of hydrochloric acid and again evaporate to 

dryness. Again add water and sufficient hydrochloric acid to effect solution, 

warm and filter, washing until free from chlorids. Again evaporate this 

filtrate to dryness, take up with a little hydrochloric acid and water, and filter 

to a volume of 500 cc. Take 200 cc of the above solution for analysis, evapo- 

rate nearly to dryness to expel the excess of acid, dilute with distilled water, 

heat to boiling, and precipitate by means of barium chlorid. Boil for about 

five minutes, allow to stand in a warm place over night, filter, and determine 

the sulphur trioxid as barium sulphate. 

Arsenic. 

Weigh 1 gram of soil and treat with 25 cc of concentrated arsenic-free 

nitric acid in a small porcelain evaporating dish. Cover with a watch glass 

and digest on the steam bath for four hours, replacing the evaporated acid 

® Official and Provisional Methods of Analysis, U. S. Dept. of Agr., Bureau 

of Chemistry, Bul. 107. 
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from time to time. Dilute the solution, filter, and wash residue. Return 

filtrate to the porcelain dish, add 8 to 5 ce of concentrated arsenic-free sul- 

phuric acid, and evaporate on the steam bath to a small bulk. Remove from 

_the steam bath and treat on a hot plate till dense white fumes arise. Cool, 

dilute, boil, and filter into a +100 cc flask. Make up to the mark and use 

aliquot portions for determining arsenic by means of standard mirrors, or 

weighing the mirrors, in the Marsh-Berzelius apparatus, which method is de- 

scribed under the determination of arsenic in cattle-food materials. Test 

all reagents and apparatus by running a blank before using to be sure of 

absence of traces of arsenic. 

Total copper. 

Digest 10 grams of soil on the steam bath for four hours with 100 cc of 

25 per cent nitric acid, using a porcelain evaporating dish with a watch-glass 

cover. Dilute, filter into a 500 ce flask, cool, and make up to the mark. Take 

an aliquot of 200 ce for analysis, nearly neutralize with ammonia, heat, and 

pass hydrogen sulphid through for about half an hour. Filter off the precipi- 

tate, wash, dry, and burn in a porcelain crucible. Add nitric acid to dissolve 

the precipitate and heat till the copper is dissolved. Filter through the 

smallest sized filter and determine copper by either of two methods according 

to the amount of this element present. 

If copper is present in excess of 2 or 8 milligrams, proceed as follows: 

_ Neutralize the copper solution with sodium carbonate, adding a trifling excess 

of the latter. Add 1 ce of ammonia (sp. gr. 0.960) and titrate the dark-blue 

solution to the disappearance of the blue color with tenth-normal potassium 

eyanid which has been standardized against a known amount of copper by 

exactly the same method as that just described for the determination of the 

copper present. 

If the copper is present in very minute quantities, proceed as follows: Add 

ammonium hydroxid to the copper solution until slightly in excess, heat on 

the steam bath a few minutes, filter on the smallest sized filter, wash, and 

evaporate the filtrate in a porcelain dish to 2 or 3 ec, cool, add acetic acid a 

drop at a time until the solution is just acid, and then add 5 drops of 4 per 

cent potassium ferrocyanid. Compare this color with the color produced by 

treating a known amount of copper dissolved in a similar amount of water 

in a porcelain dish with acetic acid and potassium ferrocyanid in exactly 

the same way as just described. 

Water-soluble copper. 

Weigh out 100 grams of soil, transfer to a flask, and treat with 1,000 cc 

of water. Shake the flask occasionally during eight hours, then let stand 

till the supernatant liquid is practically clear. Siphon off the clear liquid and 

filter. Evaporate a 750 cc aliquot of the liquid to dryness, take up the residue 

with 1 or 2 ce of nitric acid by the aid of heat, dilute, and filter. Heat the 

filtrate, pass hydrogen sulphid through for half an hour, filter, wash, dry, and 

burn the filter, and precipitate in a porcelain crucible. Add nitric acid to 

dissolve the precipitate and heat till the copper is dissolved. Fiiter through 

the smallest sized filter and determine copper by one of the methods described 

above under ‘*‘ Total copper.” 

Soluble salts. 

Weigh out 50 grams of soil, transfer to a flask and treat with 1,000 cc of 

water, shake the flask occasionally during 8 hours and let stand till the super- 

natant liquid is practically clear. Siphon off the clear liquid and filter. Use 
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aliquots of the above liquid for determining carbonates, bicarbonates, chlorids, 

sulphates, calcium, magnesium, and sodium. é 

Follow the methods given for determining these constituents in waters in 

Bulletin 91, Bureau of Chemistry, U. S. Department of Agriculture, except 

“in one particular, which is as follows: 

When the salts are obtained in a hydrochloric acid solution, ready for the 

determination of calcium, magnesium, and sodium, pass through hydrogen sul- 

phid to get rid of copper. Filter, evaporate to dryness, again take up in hydro- 

chlorie acid, and determine calcium, magnesium, and sodium in aliquots of this 

soiution. 

Black alkali. 

Solutions required: (1) A standard N/50 sodium carbonate solution. (2) 

A standard N/50 sulphuric acid solution. (8) A solution of erythrosin con- 

taining 0.25 gram to a liter of water. (4) Chloroform. 

MetuHop: Transfer 200 ce of the soil extract, obtained as in the preceding 

method, to a platinum dish, add 50 to 150 ce of standard sodium carbonate 

according to the amount of soluble salts of calcium and magnesium present, 

and evaporate to dryness. Rub the residue up with distilled carbon-dioxid- 

free water, transfer to a 100 ce graduated flask, make up to the mark, shake 

thoroughly, stopper, and allow to stand until clear. When clear, carefully 

remove 50 ce without disturbing the residue in the bottom of the flask and trans- 

fer to the titrating bottle. For this purpose use a bottle of the best color- 

less glass without any tinge of pink, with ground glass stopper and of about 

250 ce capacity. Add 5 ce of chloroform and 1 ce of erythrosin and titrate 

the solution with the standard acid until the color disappears. The solution 

should be vigorously shaken after each addition of acid, the chloroform pro- 

ducing a milky appearance, which makes the reading of the end point sharp 

and certain. : 

If less sulphuric acid is required than that necessary to balance one-half of 

the sodium carbonate added, it iS evident that some of the sodium carbonate 

has been used up and that the solution originally contained no black alkali. 

If, on the other hand, more sulphuric acid is required than that equivalent to 

one-half of the sodium carbonate added, then black alkali was originally present 

and can be calculated from the amount of standard sulphuric acid used in ex- 

cess of that necessary to neutralize one-half the sodium carbonate originally 

added. 

WATERS. 

Total copper. 

Shake sample thoroughly till well mixed with sediment and use 500 ee for 

analysis. Evaporate to dryness in a porcelain dish and determine total copper 

by the same methods used for total copper in soils. 

Soluble copper. 

Filter off 1,000 to 2,000 ce of the water from its sediment. Evaporate to dry- 

ness, take up with 1 or 2 ce of nitric acid by the aid of heat, dilute, filter, and 

determine soluble copper by the method used for soluble copper in soils. 

Soluble salts. 

Filter off 1,000 to 2,000 ce of the water from its sediment and determine ear- 

bonates, bicarbonates, chlorids, sulphates, calcium, magnesium, and sodium, 

according to the methods given for these constituents in waters in Bulletin 91, 

Bureau of Chemistry, U. S. Department of Agriculture. 

Pst.) EOS aay eee TT By Jk See ee oy |, tao i yee ~anrYTr ~~ =e 



38 INJURY BY SMELTER WASTES. 

CATTLE-FOOD MATERIALS. 

Joisture. 

Use the method given for determining moisture in the foliage of trees (p. 34). 

Total arsenic. 

Testing reagents.—Make a blank on the reagents and apparatus by boiling 

down 100 ce of nitric acid and 5 ce of sulphuric acid in the same kind of flask 

used for treating the samples, diluting and boiling down again to get rid of final 

traces of nitric and nitrous acid, again diluting and: finally running for two 

hours in the Marsh-Berzelius apparatus, described in the following section. 

Apparatus.—This consists of a small flask with a wide mouth, holding about 

100 ce. Through one hole of a rubber stopper a separatory funnel passes to 

the bottom of the flask. Through another hole in the rubber stopper passes 

the exit tube, which is in turn joined to a Liebig bulb containing a small 

amount of a solution of lead acetate to absorb any selenium, tellurium, or 

sulphur. This in turn is joined to a calcium chlorid tube, which is then at- 

tached to a long tube of very resistant glass. This glass tube is drawn out at 

one point rather small, nearly capillary, and the heat is applied about 0.5 inch 

before the drawn-out portion. Heat with two Bunsen burners, neither of which 

plays upon the glass directly but upon a piece of fine wire gauze wrapped 

around the glass. When preparing this apparatus for use, add about 3 grams 

of arsenic-free granulated zinc to the wide-mouthed bottle and then about 80 

ee of arsenic-free sulphuric acid (1 to 8). Let the apparatus run for fifteen 

minutes, after which apply heat for approximately twenty minutes to be sure 

that no arsenic is present. 

The apparatus is now ready for the addition of the extract from the cattle 

food. Run in and allow the action to continue for from one to two hours. 

Compare mirror thus formed with mirrors containing known amounts of ar- 

senic, which have been previously prepared with the same apparatus. The 

standard mirrors usually contain the following amounts of arsenic: 0.005, 0.01, 

0.02, 0.03, 0.04, 0.05, 0.06, and 0.07 mg of arsenic. These mirrors should be 

in sealed tubes and be remade about every three weeks, as they tend to fade a 

little upon standing. When not in use, they should be kept in a dark place. 

In case a larger amount than 0.07 mg of arsenic is obtained, cut off that 

part of the tube where the mirror is deposited, wipe carefully, and place in 

a desiccator. Then ‘weigh on an assay balance capable of weighing to the 

fifth place. Dip the tube in sodium hypochlorite solution to dissolve the ar- 

senic, wash with distilled water, then with alcohol, and finally with ether. dry, 

place in a desiceator, and weigh again. The difference in the two weights 

represents the arsenic from the amount of material taken. Both of these 

weighings must be made with the utmost care, as a small error at this point 

will cause a large error in the results. 

Standard solution.—To prepare the standard solution, dissolve 0.5 gram of 

dry chemically pure arsenious oxid in a sodium carbonate solution (free from 

arsenic) by boiling. Make weakly acid with arsenic-free sulphuric acid and 

make up to a liter. Measure out such a quantity of this solution in a liter 

flask as will give 0.01 gram of metallic arsenic and make up to the mark. Each 

cubie centimeter of this solution represents 0.01 mg of arsenic and is used for 

making the standard mirrors. 

Method.—Weigh 1 to 3 grams of the finely ground cattle food, according to 

the amount of arsenic present, and transfer to a 200 ce Jena flask. Add 25 cc 
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of concentrated arsenic-free nitric acid and 5 ce of concentrated arsenic-free 

sulphuric acid, allow the first violent action to subside, and then put on an 

iron plate and gradually heat to boiling. Continue boiling till the liquid begins 

to darken. When this occurs, add concentrated arsenic-free nitric acid in quan- 

tities of 3 cc at a time, until on further heating it continues colorless and fumes 

strongly of sulphuric acid. Cool, dilute with 10 ce of arsenic-free water, and 

boil to break up the nitro-sulphurie acid formed. When cool, dilute with water 

and deliver into the Marsh-Berzelius apparatus previously described. 

Soluble arsenic. 

Weigh from 1 to 3 grams of the finely ground cattle food, according to the 

amount of soluble arsenic present, and transfer to a beaker. Extract on the 

steam bath with 50 to 100 ce of water for four hours. Filter, wash, and eyapo- 

rate the filtrate to a small bulk. Transfer to a 200 ce Jena flask and evaporate 

to only a few cubic centimeters. Add 25 cc of concentrated arsenic-free nitric 

acid and 5 ce of concentrated arsenic-free sulphuric acid and proceed as in the 

preceding method for total arsenic. 

ORES. 

Sulphur. 

Treat 0.5 gram of the ore in a 6-oz. flask with 10 ce of strong nitric acid. 

Heat very gently until the red fumes have somewhat abated, and then add 

potassium chlorate in small portions at a time (about 0.2 to 0.8 gram) until 

any free sulphur that has separated is entirely oxidized and dissolved. The 

acid should not be boiled violently, nor should it simply simmer. When 

the sulphur has entirely disappeared, boil the solution to complete dryness. 

(This may be hastened by manipulating the flask over a free flame.) After 

cooling cautiously add 5 ce of strong hydrochloric acid. If iron oxid, ete., still 

remains undissolved, gently heat the hydrochloric acid mixture until solution 

is as complete as possible, adding more acid, if necessary. Finally boil to dry- 

ness. Repeat this operation. Take up once more in 5 ce of hydrochloric acid 

and dilute with about 100 ce of hot water. Make alkaline with ammonia and 

then add 10 ce of a saturated solution of ammonium carbonate in order to con- 

vert any lead sulphate present to carbonate and thus render the combined SOs; 

soluble aS ammonium sulphate. Heat to boiling, allow ferric hydroxid, ete., to 

settle, filter, and wash very thoroughly with hot water, receiving the filtrate 

in a large beaker. 

Neutralize with uydrochloriec acid and add 5 ce extra. Dilute to about 300 

ee and precipitate with barium chlorid in the ordinary way. 

Arsenic.& 

Thoroughly mix 0.5 gram of the finely ground ore in a large platinum crucible 

with 5 grams of a mixture of equal parts of dry sodium carbonate and potas- 

sium nitrate. Reserve a portion of the mixed salts for use as a cover. Heat 

the mass gradually over a Bunsen flame to complete fusion. Use a very low 

flame at first and take plenty of time to avoid loss of arsenic by volatilization. 

Finally heat to the full power of the Bunsen burner until thoroughly decom- 

posed. The melted mass should finally present a smooth and homogeneous 

appearance. Cool, extract the soluble portion by heating with water, and 

filter and wash the residue with hot water. Drop a piece of litmus paper into 

the filtrate and make slightly acid with nitric acid, adding enough to dis- 

2Low’s Technical Methods of Ore Analysis, 
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solve any precipitate that may have formed. Add a_ sufficient quantity of 

a solution of silver nitrate, which will usually cause a white precipitate of 

silver chlorid, and then cautiously add ammonia until, if arsenic be present, a 

reddish precipitate of silver arsenate appears. If too much ammonia be added 

the precipitate first formed will redissolve and may not be observed at all. 

Cautiously add dilute nitric acid until the red precipitate just redissolves. 

To the faintly acid liquid add a few cubic centimeters of a strong solution of 

sodium acetate to replace the free nitric acid by acetic acid. All the arsenic 

will now at once precipitate as silver arsenate (Ag;ASQ,). 

Heat the precipitated mixture to boiling, cool to room temperature, and filter. 

If the first portions run through turbid, return them to the filter. Test the 

filtrate with a little more silver nitrate and sodium acetate. Wash the precip- 

itate with cold water until a portion of the washings shows only a faint test 

for silver. 3 

Place the original flask under the funnel and dissolve the arsenate on the 

filter with cold 1:1 nitric acid. Wash the filter thoroughly with cold water, 

leaving behind on the filter any silver chlorid that may be present. Dilute the 

filtrate, add 5 ce of a strong solution of ammonium ferric alum and titrate to 

a permanent red tinge with a standard solution of ammonium thiocyanate, 

shaking well, especially toward the end. Multiply the number of cubic centi- 

meters required by the arsenic equivalent of each cubic centimeter. 

Standardize the sulphocyanate solution against a known weight of pure silver 

dissolved in nitric acid. From the equivalent of each cubic centimeter of the 

sulphocyanate in silver the equivalent of each cubic centimeter in arsenic can 

be calculated from the formula AgsASQOu. 
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